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J l PREFACE

This report has been prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for Phase I Investi-

gations. Copies of these guidelines way be obtained from the Office of

- Chief of Engiieers, Washington, D.C. 20314. The purpose of a Phase I
investigation is to identify expeditiously those dams which may pose

hazards to human life or property. The assessment of the general condi-

tion of the dam is based upon available data and visual inspections.

Detailed investigation, and analyses involving topographic mapping,

subsurface investigations, testing, and detailed computational evalu-

ations are beyond the scope of a Phase I investigation; however, the

investigation is intended to identify any need for such studies.

- In reviewing this report, it should be realized that the reported

condition of the dam is based on observations of field conditions at the

time of inspection along with data available to the inspection team. In

(cases where the teservoir was lowered or drained prior to inspection,

-Such action, while improving th' stability and safety of the dam, removes

the normal load on the structure and may obscure certain conditionswhich might otherwise be detectable if inspected under the normal operat-

ing environment of the structure.

It iq imporLant to note that the condition of a dam depends on

numerous and constantly changing internal and external conditions, and

I | is evolutionary in nature. It would be incorrect to assume that the

present condition of the dani will continue to represent the condition of

the dam at some point in the future. Only through frequent inspections
" ,can unsafe conditions be detected and only through continued care and

i maintenance can these conditions be prevented or corrected.

Phase I inspections are not intended to provide detailed hydro-

logic and hydraulic analyses. In accordance with the established Guide-

-i lines, the spillway design flood is based on the estimated "Probable

Maximum Flood" for the region (greatest reasonably possible storm runoff),

or fractions thereof. The spillway design flood provides a measure of

relative spillway capacity and serves as an aid in determining the need

for more detailed hydrologic and hydraulic studies, considering the size

of the dam, its general condition and the downstream damage potential.

D I STRIBUtMON STATMI A
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PHASE I REPORT
IA

- NATIONAL DAM INSPECTION PROGRAM,

I BRIEF ASSESSMENT OF GENERAL CONDITIONS
AND RECOMMENDATIONS

Name of Dam: ARROWHEAD LAKE DAM

State & State No.: PENNSYLVANIA, 45-207

County: MONROE

* Stream: TROUT CREEK

Dat of Inspection: May 6, 1980

Based on the visual inspection, past performance and the available
engineering data, the dam and its appurtenant structures appear to be in

fair condition.

ii In accordance with the Corps of Engineers' evaluation guidelines,
i the size classification of this dam is intermediate and the hazard

classification is sioficant. These classifications indicate that the
Spillway Design Flood (SDF) should be in the range of one-half theI ; Probable Maximum Flood (PMF) to the full PMF. The recommended SDF for

I this dam is one-half the PMF. The spillway capacity is inadequate for
passing the SDF peak inflow without overtopping the dam. When no failure
occurs at the upstream dams, the project is capable of passing 43 percent

of the PMF and is considered to be iti3dequate, but not seriously inadequate. F

" The following recommendations are made for immediate action by the

owner:

1. That, to preclude the necessity of a detailed hydrologic and

hydraulic study, the low areas in the embankment be filled and

the crest be made uniform to the design crest elevation. This

work should be performed under the direction of a professional

engineer, experienced in the design and construction of dams.
2. That .3iI brush and trees be removed from the embankment slopes

Iand that a professional engineer, experienced in the design
and construction of dams, be consulted for the removal of tree

I i stumps and roots. The embankment shall be provided with anI adequate vegetative cover.
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-~3. That the downstream end of the blowoff Pipe be uncovered and
the pipe be made operable. This pipe should be modified to
have an upstream control.

4. That the wet area downstream of the blowoff pipe be monitored
on a regular basis noting and recording approximate volume and2
the clarity. If increase in volume or any turbidity is observed,
immediate steps shall be taken to identify and correct the -

condition.

5. That the spillway discharge channel be cleared of derrickI
stonfe obstructions.

6. That voids under the end of the spillway slab be filled.

7. That a formal surveillance and downstream warning system1 beI
developed to bp uased durn 0 periods of heavy or prolonged
rainfall. i

8. That an operati.on and maintenance manual be prepared for
guidance in the operation of the dam during normal and emer- <I _gency conditions, and that a schedule be developed for the _

Annual inspection of the dam and its appurtenant structures. -

'SUBMITTED BY: APPROVED BY:]

BERGER ASSOCIATES, INC.
HARRISBURG, PENNSYLVANIA-_

__DATE: AuguO. 1, 1980 S1.PC

lo.e, Cop ofEgier

7 ua t i

,Ditl*cesio i 'oI
____S ORA

DITI __

Un____ ______U
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- _ \ ARROWIEAD JAKE -DAM
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1.1 GNERAL

A. Authority

The Dam Inspection Act, Public Law 92-367, authorized the
- Secretary of the Army, through the -Corps of Engineers, to initiate ai program cf inspections of dams throughout the United States.

W B. Purpose

I The purpose of this inspection is to determine if the damI constitutes a hazard to human life and property.

1.2 DESCRIPTION OF PROJECT

i -A. Description of Dam and Appurtenances

Note: Project spiliway crest elevation is 1657 (Appendix
E, Plate III). The U.S.G.S. Quadrangle Sheet shows

Wj a reservoir elevation 1652.00. This U.S.G.S. eleva-

tion is used in this report as the top of spillwayI ! - crest.

Arrowhead Lake Dam is an earthfill embankment with a cutoff
trench and an impervious core. The maximum design height of the dam isi : about 18 feet above streambed. The dam has an overall length of about

ii i 450 feet. A 110 foot wide spillway is located near the right abutment.
- The concrete ogee weir has a crest elevation of 4.9 feet below the low

point of the embankment and about 8 feet below the design crest elevation
= Ii of the dam. There is a drop inlet structure near the center of the dam

which is controlled with stoplogs; Removal of the stoplogs permits
1 lowering of the pool level to about 9 feet below normal pool elevation.

The drop inlet discharges through a 30-inch diamater pipe. Prior to
construction of the stoplog structure, this pipe had a steel plate for
closure at the upstream end. The dam was modified by the installation
of a 24-inch outlet pipe on the right side of the spillway. This piper has a gate valve at its downstream end.

__ - -_ S - T:



w Fill was placed along the downstream toe of the dam to provide

for a parking area. This fill was placed across the outlet channel-for
the stoplog structure. The outlet pipe has been extended.

B. Location: Tobyhanna Township, Monroe CountyU.S.G.S. Quadrangle - Thornhurst, Pa.

Latitude 41-09.2', Longitude 75*-34.6'
Appendi E, Plates I & II

C. Size Classification: Intermediate: Height - 18 feet
Storage 2344 acre-feet

D. Hazard Classification: Significant (Refer to Section 3.lE.)

E. Ownership: Hr. Joseph J. Maimne, Vice President
All-American Realty Co., Inc.
155 Willowbrook Boulevard I
Wayne, NJ 07470

F. Purpose: Recreation

G. Design and Construction History

i The dam was designed by C.E. Ferris of Hamlin, Pennsylvania,

and constructed by the Robbins Door and Sash Company, Scranton, Pennsyl-
vania. Construction was started in 1950 and was completed in 1954.IRecords of the construction do not exist. Over the years, modifications
were made consisting of replacing the steel plate on the outlet pipe
with a stoplog structure; the downstream extension of the outlet pipe

under the parking lot; the placement of fill at the downstream toe; and
the installation of a second outlet pipe at the right abutment.

H. Normal Operating Procedures

The reservoir is used for recreational purposes including
swiuming, boating and fishing. Cottages are located near the water's
edge. Normal pool level (top of spillway weir) is desirable for recrea-
tional purposes. All inflow above the spillway level is discharged
through the spillway.

1.3 PERTINENT DATA

A. Drainage Area (square-miles)

From files: 15.9
Computed for this report: 14.74

Use: 14.74

= 7 -2-
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B. Dischare at Dam Site (cubic feet per second)

See Appendix D for hydraulic calculations

Maximum known flood, June 1972 435

Spillway capacity at pool Elev. 1656.9 4629
(low point of dam)

Stoplog structure capacity at Elev. 1656.9 84

Outlet works capacity at normal pool 26
Elev. 1652

C. levation (feet above mean sea level)

Top of dam (low point) 1656.9

Top of dam (design) 1660

Spillway crest 1652

Bottom of stoplog structure 1643

Streambed at downstream toe (estimate) 1642

D. Reservoir (miles)

Length of normal pool (Elev. 1652.0) 1.1

Length of maximum pool (Elev. 1656.9) 1.2

E. Storag (acre-feet)

Spillway crest (Elev. 1652) 1077

Top of dam (Elev. 1656.9) 2344

I~. Reservoir Surface (neres)

Top of dam (Elev. 1656.9) 364.6 I
Spillway crest (Elev. 1652) 217.6

UG. Dam

Refer to Plate III in Appendix E for plan and section.

Type: Earthfill embankment with impervious --re.

• \ -- 3-
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I Length: 450 feet.

Im

Height: 18 feet.

Top Width: 11 feet (surveyed).
iI Side Slopes: Design:

b~Upstream - 311 to lV-
~~Downstream - 211 to lV =-

2 As surveyed:

Upstream - 3.3H to IV (above water surface)
Downstream- 3.6H to IV

Zoning: Impervious core.

ICutoff: Cutoff trench excavated four feet into impervious3 material, bottom width is ten feet.

Grouting: None.

H. Outlet Facilities

Stoplog Structure

Type: Drop inlet controlled by stoplogs.

Width of Stoplog Opening: 2.5 feet.

Location: Near center of dam.

Invert: 1643

Discharge Conduit: 30-inch CMP.

Blwof f Pipe

Type: Two foot diameter steel pipe through embankment.

Location: Near right abutment.

Control: Gate valve on downstream end.

inlet Invert: 1648.0

Outlet Invert: 1647.0

5 -4-



Tye U-cnrle ge er

i :Crest Elevati-on: 1652

J- Regulating Outlets1=See Section 1-3.H1. above.A
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

A. Hydrology and Hydraulics

Engineering data on the hydrologic and hydraulic design for

r these facilities were limited to statements in Report on the Application

for Permit, and notes in the Pennsylvania Department of Environmental

Resources (PennDER) files.

The spillway had a design capacity of 9600 cfs based on an

eight foot depth, 110 foot length, and a "C" facto ,f 3.88. This

capacity of 605 csm for a 15.9 sq.mi. drainage area exceeded the state's
recommendation of 600 csm as the estimated maximum runoff.

B. Embankment and Appurtenant Structures

Design data for the embankment and appurtenant structures are

not available. Construction drawings for the appurtenant structures andea typical section of the embankment are included in Appendix E.

2.2 CONSTRUCTION

Records of the construction of this dam are not available.

2.3 OPERATION

Records of operation have not been maintained. The reservoir has

been drawn down on numerous occasions for removal of silt and shoreline

debris.

2.4 EVALUATION

* The only engineering data available for examination were contained

L in the files of PennDER, Division of Dam Safety. The data was limited

to several drawings and a letter file.

A. Adequacy

While the available information contained in the files are

limited, they are considered sufficient to make a reasonable assessment

of the overall condition of the dam and its appurtenances.

B. Operating Records

Formal operating records have not been maintained for this

dam.

-6-
_ _ _ _ _ _ _ _ _ _

I



4 C. Post Construction Changes I

In 1966, a stoplog structure replaced the steel plate which
was used for closure of the 30-inch diameter outlet pipe. This same
pipe was extended downstream when fill was placed at the toe of the dam
to create a parking area. In 1972, a second outlet pipe was installed
adjacent to the right side of the spillway in the right abutment.

I
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SECTION 3 - VISUAL INSPECTION

3.1 FTNIINGS

A. General

The general appearance of Arrowhead Lake Dam is fair. This

structure is an earthfill embankment. One tree is located on the down-

stream side of the embankment near the center of the dam (Photograph

No. 2, Appendix C).

The reservoir is used for recreation, including fishing,
boating and swimming. Tile dam and reservoir are owned by All-American

Realty Co., Inc., who developed a cottage resort area around the lake

and dam.

The visual inspection check list is in Appendix A of this

report. This appendix also has several sketches made from survey informa-

tion obtained by the inspection team. Included are a general plan,

profile, typical section and several details. Photographs taken during

the inspection are reproduced in Appendix C.

B. Embankment

The embankment is relatively short, about 250 feet to the left

of the spillway and about 75 feet at the right side of the spillway.

The embankment slopes are covered with grass with bare spots in places
where heavy foot'traffic occurs. The upstream slope has riprap at the

water's edge over about three-quarters of its length. The remaining

portion near the left abutment adjoins a swimming area where the embank-

ment slope is relatively flat and is partially covered with sand. A

boat launching area is located on the embankment near the center of the

dam. This area has been worn bare. The top of the embankment is about

II feet wide and has been worn bare by vehicular traffic. The downstream
EE qi slope is fully protected by grass. One large tree is growing on the

embankment. The area at the toe has been filled for use as a parking

lot. This fill appears to be higher than the normal pool level, and no

seepage could be detected. At the right side of the spillway the embank-

ment is fully grass covered, except for several footpaths. Brush is

growing along the right spillway wall. This area is the lowest part of

the embankment and was excavated in 1972 for installation of a 24-inch

pipe. Wet spots were noticed in the outlet swale downstream from this

blowoff pipe.

C. Appurtenant Structures

The spillway is a 110 foot wide concrete ogee weir. A short

concrete apron is downstream of the ogee section. Concrete walls abut

-8-
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both sides of the ogee section and apron. All concrete is in good

condition. The right spillway wall is one foot lower than the design
elevation. Therc is a wide construction joint between the ogee section
and the apron. A 2.5 foot drop-off is located at the downstream end of

the apron. Cavitation has occurred at the end of the apron slab. The
downstream channel has several large boulders along the banks just
downstream of the apron. One of these has rolled into the channel
(Photograph No. 6).

A stoplog structure is located near the center of the dam at
the upstream toe of the embankment. The concrete is in fair condition.
A wire fish screen is located on top of the stoplogs. This screen tends

tu accumulate debris. The outlet pine from this structure terminates at
the natural stream channel in an area that is heavily overgrown.

A two foot blowoff pipe is located to the right side of the
spillway. This pipe has a gate valve at the downstream end. The top of
the valve casing was the only part visible during the inspection. The
outlet was buried and could not be inspected.

D. Reservoir Area

The reservoir area has flat banks which appear to be stable.
The area is mostly wooded with cottages, homes and a swim beach near the
water's edge. The reservoir has been drawn down several rimes to clear
debris from the shoreline and remove silt on beaches.

E. Downstream Channel

The downstream channel is a typical mountain stream with tree
lined overbanks. A maintenance building is located immediately down-
stream from the dam. About 1000 feet downstream there is a road crossing.

i ,The hazard category for this dam is considered to be "Significant."

3.2 EVALUATION

The visual inspection indicates that these facilities are in fair

condition. Trees and brush on the embankment should be removed. Although

seepage is occurring in the vicinity of the blowoff pipe, there is noI ! serious concern as long as no fines are noticeable in the seepage water.

This condition should, however, be monitored on a regular basis noting

W F any change in volume of flow~ or clarity of the water. The area around

the downstream end of the blowoff pipe should be cleared.

-I9
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SECTION 4 OPERATIONAL PROCEDURES

I 4.1 PROCEDURES

The operational procedures for Arrowhead Lake Dam are limited. The
reservoir is used for recreation. Keeping the pool level at spillway
weir elevation is the major concern. All inflow above that level is

"I discharged over the spillway and the stoplogs.

4.2 MAINTENANCE OF DAI

The visual inspection of this dam indicates that the facility is
maintained in good operating condition with the exception of the small
trees along the ritit spillway wall and one large tree near the center

of the dam on the downstream slope. The embankment is free of heavy

brush except near the right spillway wall. The embankment is apparently

below its design crest elevation.

4.3 MAINTENANCE OF OPERATING FACILITIES

K ITile stoplog structure is in fair condition. The overall condition

i of the spillway is good. The blowoff pipe at the right side of the

spillway is not operable. The outlet for this pipe is buried.

4.4 WARNING SYSTEM

Although daily observations are made, there is no formal surveil-i lance plan or downstream warning system.

| 4.5 EVALUATION

The operational procedures should be expanded and should include

the removal of trees and brush on the embankment. The bare areas should

be seeded to provide a dense protective grass mat. The spillway should

- be inspected annually and any necessary repair work should be performed.

The outlet end of the blowoff pipe should be uncovered and the valve
.21 inspected regularly and repaired when needed.

A formal surveillance plan and downstream warning system should be =

developed for implementation during high or prolonged precipitation.

-10-
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III =SECTION 5 -HYDROLOGY/HYDRAULICS

5.1 EVALUATION OF FEATURES

A. Design Data

The hydrologic and hydraulic analyses available fr., ?ennDER

for Arrowhead Lake Dam were not very extensive. No stage-discharge

curve, stage-storage curve, unit hydrograph, or flood routings were

contained in the PennDER files.

B. Experience Data

The greatest known flood at Arrowhead Lake Dam occurred in

June, 1972, when the water level in the reservoir reached an elevation

about one foot above the spillway crest. This storm was passed without

difficulty.

C. Visual Observations

During the inspection, it was noted That the blowoff pipe was

not operable. The fish screen at the stoplog structure tends to accumu-

L slate debris. No other conditions were observed that would indicate that
# I the appurtenant structures of the dam could not operate satisfactorily

during a flood event until the pool level would reach an elevation
higher than the low point near the right abutment. There are three dams

= located upstream of Arrowhead Lake. These have been considered in the

hydrologic analysis (Appendix D).

D. Overtopping Potential

Arrowhead Lake Dam has a total storage capacity of 2344 acre-
- feet at its present low point elevation and an overall height of 18

feet. These dimensions indicate a size classification of "Intermediate";

the hazard classification is "Significant" (See Section 3.1.E.).

The Spillway Design Flood (SDF) for a dam having the above

classification is in the range of one-half the Probable Maximum Flood

(PMF) to the full PMF. Based on the limited possibility of loss of life

of transient people only, the recommended SDF for this dam is one-half

the PMF. The SDF peak inflow is 6265 cfs (See Appendix D for HEC-

inflow computations).

Comparison of the estimated SDF peak inflow of 6265 cfs with

the estimated spillway discharge capacity of 4713 cfs, babed on the low

point elevation on the crest, indicates that a potential for overtopping

of the Arrowhead Lake Dam exists.

E7
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IAn estimate of the storage effect of the reservoir and routing
of the computed inflow hydrograph through the reservoir shows that this
dam does not have the necessary storage available to pass the PMF without
overtopping. The spillway-reservoir system can pass a flood event equal
to 43% of a PMF without failure of any of the upstream dams.

E. Dam Break Evaluation

Although Arrowhead Lake Dam does not overtop until the magni-
tude of a flood event exceeds 43% of a PMF, an upstream dam at Brady
Lake overtops with considerably less discharge. It was noted that the

upstream dam has an earth embankment and is expected to attain waterlevels that would result in a breach when flood events of less magnitude !
than 43% of a PMF occurred. For this reason, it was assumed that the

upstream dam would fail when the water level reached an elevation that
would result in a breach. Being an earth embankment, it is judged that
the breach would be completed within a 15 minute through two hour time
interval. For this analysis, the most conservative condition, the 15
minute breach, was considered.

F. Spillway Adeqacy

The intermediate size category and significant hazard category,
in accordance with the Corps of Engineers' criteria and guidelines,

f indicates that the SDF for this dam should be in the range of one-half

the PMF to the full PMF. For this dam the recomrmended SDF is one-half
the PMF.

Calculations show that the combined spillway discharge capacityand reservoir storage capacity are capable of handling 43% of the PMF

when the upstream Bradys Dam remains intact. When the upstream dam
fails, Arrowhead Lake Dam has sufficient spillway discharge capacity and
reservoir storage capacity to handle 18% of a PMF. If the top of Arrowhead'I Lake Dam would be made uniform at the design elevation, the project
would be capable of passing 83% of a PMF without overtopping, and without

.I breach of the upstream dam.

Since the combined spillway discharge and reservoir storage
capacity cannot pass the PMF, and since the hazard category is signifi-
cant, the spillway capacity is judged to be inadequate but not seriously
inadequate.

The hydrologic analysis for this investigation was based upon
|1 existing conditions of the watershed. The effects of future development
I were not considered. 0i

-12-
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

A. Visual Observations

1. Embankment

The visual inspection of Arrowhead Lake Dam did not find

.1 any major signs of distress which would signify an unstable structural
condition. The embankment is grass covered with the exception of a few

bare spots where heavy foot traffic occtlrs. There are several small

trees growing adjacent to the right spillway wall and one large tree on

the downstream slope near the center of the dam. The only riprap visible
was along the waterline. Fill was placed at the downstream toe to
create a parking lot. This area has been raised above the normal pool

level.

A low spot in the embankment is located to the right of

the spillway. A wet area was noticed at the downstream toe of this

portion of the embankment.

2. Appurtenant Structures

The appurtenant structures for this dam include the

spillway, the stoplog structure and the outlet pipes.

The spillway is a concrete ogee type weir. There was no

evidence of displacement of the weir. The apron do-:stream of the weir

consists of concrete slabs. The construction joint between the ogee

section and the apron is about one-half inch wide. Some cavitation has

occurred below the downstream end of the slab. The concrete is in good

condition.

i The stoplog structure is in fair condition. No cracks
appear above water level. Some deterioration was noticed in the bottom

of the drop inlet. The access ladder was not secured. The outlet from

this structure is a 30-inch C IP pipe. The downstream end of this pipe

is partially obstructed by debris and trees.

The two foot diameter blowoff pipe is located at thei right side of the spillway. The only portion of this pipe that is
I~ visible is the top of the valve casing. The outlet to this pipe is

burried. The blowoff is inoperable.

B. Design and Construction

Design and construction data -re limited to design drawings

Vand some letters. A cutoff trench was excavated to a depth of four feet

I i-13-
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I into an impervious hardpan strata. The trench has a bottom width of ten
feet. The center section of the embankment and the backfill in the

trench consists of an impervious material. More pervious material was
used in the outer shell. The existing slopes appear to be adequate forI, this dam.

The outlet pipe has two cutoff collars upstream from the
trench. The concrete ogee section has an exposed height of about 3.5
feet and a base width of nearly seven feet. The downstream slab has

been concretcd and has a cutoff wall. The spillway walls are gravity
type sections with a base width of 0.54 times the height. Anti-seepage
fins were placed behind the walls. The drawing indicates an adequate

design.

C. Operating Records

There are no formal operating records for this dam.

D. Post Construction Changes

Several changes have taken place since construction was com-

pleted in 1954. About 1966, repairs were made to the concrete ogee
weir, the spillway walls and the apron slab. At about the same time,
the drop inlet structure was altered and the stoplogs were installed.
In 1970 the right embankment was restored. In 1972 the two foot blowoff
pipe was installed in this area. Over the years fill has been placed at

the downstream toe to create a parking lot. This fill reaches a level
above the normal pool level.

I E. Seismic Stability

F This dam is located in Seismic Zone l and it is considered

that the static stability is sufficient to withstand minor earthquake-
induced dynamic forces. No studies or calculations have been made toI confirm this assumption.

I

Iii
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SECTION 7- ASSESSMENT AND RECOMMENDATIONS

7.1 DAM ASSESSMENT

A. Safety

The visual inspection and the review of available informatior.

indicate that the dam and its appurtenant structures are in fair condi-

tion. The trees and brush on the embankment should be removed. Seepage

exists near the downstream end of the blowoff. The water is clear at

the present time. Clcse observation and monitoring of this condition is

recommended.

In accordance with the Corps of Engineers' evaluation guide-

lines, the spillway is inadequate for passing the full PMF peak inflow
without overtopping the dam. The combination of the storage and spillway

capacity is sufficient for passing only 43 percent of the PMF; and

although the spillway is inadequate, it is not considered to be seriously

inadequate.

I B. Adequacy of Information

Although the available engineering data are not sufficient to

i make a detailed analysis of the stability of the dam and its appurtenant

structures, the available drawings, reports and the observed physical

conditions are judged to he adequate for making a reasonable assessment
of the overall condition of the dam.

C. Urgency

The recommendations presented below should be implemented

immediately.

D. Necessity for Additional Studies

Additional studies are not required at this time if the low

areas in the crest of the dam are filled to design elevation.

|
7.2 RECOMMENDATIONS

In order to assure the safe operation of this dam, the following

recommendations are preseited for implementation by the owner:

1. That, to preclude the necessity of a detailed hydrologic and

hydraulic study, the low areas in the embankment be filled and

the crest be made uniform to the design crest elevation. This

work should be performed under the direction of a professional
engineer, experienced in the design and construction of dams.

-15
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2. That all brush and trees be removed from the embankment slopes
and that a professional engineer, experienced in the design
and construction of dams, be consulted for the removal of tree
stumps and roots.

3. That the downsrream end of the blowoff pipe be uncovered and
the pipe be made operable. This pipe should be modified to
have an upstream control.

4. That the wet area downstream of the blowoff pipe be monitored
on a regular basis. If an increase in volume or any turbidity
is observed, immediate steps shall be taken to identify and
correct the condition.

5. That the spillway discharge channel be cleared of large derrick
stone obstructions.

6. That voids under the end of the spillway slab be filled.

7. That a formal surveillance and downstream warning system be
developed to be used during periods of heavy or prolonged
rainfall.

8. That an operation and maintenance manual be prepared for
guidance in the operation of the dam during normal and emer-
gency conditions, and that a schedule be developed for the
annual inspection of the dam and its appurtenant structures.

tt'ii J
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CHECK LIST

PHASE I VISUAL INSPECTION REPORT

PA DER # 45-207 NDI NO. PA-O0 780

NAME OF DAM ARROWHEAD LAKE DAY, HAZARD CATEGORY Significant

TYPE OF DAM Earthfill

m LOCATION Tobyhanna TOWNSHIP Monroe COUNTY, PENNSYLVANIA

INSPECTION DATE 5/6180 WEATHER SuMny-Warm TEMPERATURE 70's

INSPECTORS: R. Houseal (Recorder) OWNER'S REPRESENTATIVE(s):

:zH. Jongs,, Charles ,RoX

R. Shireman Del Bachman

A. Bartlett __

NORMAL POOL ELEVATION: 1652.0 (U.S.G.S.)AT TIME OF INSPECTION:

BREAST ELEVATION: 1660.0 (Desig.) POOL ELEVATION: 1657.0

SPILLWAY ELEVATION: 1652.0 TAILWATER ELEVATION:

MAXIMUM RECORDED POOL ELEVATION: Est. 1.653.O_- 1972 (Agnes)

I GENERAL COMMENTS:

Slide gate replaced with wet well in about 1965.

The general appearance of this facility is fair. It is used for
recreation by the surrounding private residential development.

i C.E. Ferris - Designer.

A-]
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VISUAL INSPECTION NIO.PO_701
j EMBANrKMENT

~1 _ _ _ _ _ _ __ _ _ _i

I OBSERVATIONS AND REMARKS

A. SURFACE CRACKS None observed.

B. UNUSUAL MOVEMENT 'None observed.
BEYOND TOE

I C. SLOUGHINUG OR EROSION None observed. ]Downstream slope (left side) is_
OF EII1BANKMENT OR uneven at tree U(18") only. one].
ABUTHENT SLOPES

I:D. ALIGNMENT OF CREST: Slightly curved.

VERTICAL: For vertical profile see Plate A-II. Note low

profile in area at right end of embaukacent.

E. _ _ _ _ _ _ _ _ _ _ _ _ _ __ I

E. IPRP F!LUESNo exposed riprap on slope. Riprap is covered

with soil and grass.I

F. JUNCI ION EMBANKMENT Abutments are sound. Emabankment 9"-12" below
ABUTMENT OR Itop of wall on left side. Some erosion adjacenti-

SPILLWAY to spillway wall on left side - both upstream

and dow-nstlream.-

EjG. SEEPAGE None on left side. Pipe on right side- Either-
II hrr~z ~valvwe ilaking or seepage along yipe-

H. DRAINS Nione.

IJ. GAGES REPCORDER None.

K. OVE LROJIDMowed lawn on both slopes and crest. SomeH
F bhare spots on crest.3

-1~ -



NDI NO. PA-O 780

VISUAL INSPECTION1OUTLET WORKS
OBSERVATIONS AND REMARKS

A. INTAKE STRUCTURE Concrete wet well drop structure. Open on top.
Ladder of reinforcing steel for access to bottom.
Ladder is not fixed. Unsafe for one person. Large
rocks laying in bottom of well. Concrete in fair
condition - no cracks above water level. Deteriorz7

tion below water surface. Screen is blocking inflow
below water surface.

B. OUTLET STRUCTURE Outlet pipe CMP at existing end. This is an

extension of originally installed pipe to accomo-
date the parking area. No endwall. Partially
overgrown.

C. OUTLET CHANNEL Natural stream. Outlet channel swale to creek is

wet and soggy. No-flow. Seepage probably from
the area around unknown pipe.

D. GATES Stoplog control at wet well left of spillway.
Valve of unknown size blowoff pipe on right side

of spill-ay. Inoperable.

E. EMERGENCY GATE Same as D. above.
j

F. OPERATION & Occasional use of stoplogs to maintain minimum
CONTROL flow in stream.I

G. BRIDGE (ACCESS) No bridge. Access directly from upstream slope at
water's edge. Boat required if pool is high.

A-3



NDI NO. PA-00 780

VISUAL INSPECTION
I SPILLWAY

......... _ OBSERVATIONS AND REMARKS

A. APPROACH CHANNEL Directly from reservoir - unobstructed.

2A

B. WEIR: Small concrete ogee with run-out slab.
Crest Condition
C racks
Deterioration Concrete all in good condition. Minor

Foundation deterioration. Open joint between slab andtAbutments ogee section.

C. DISCHARGE CHANNEL: Concrete slab to about 30'± downstream from toe
Lining of ogee. Concrete wing walls. Discharge channel
Cracks below concrete structure is the natural stream.
Stilling Basin Rock bottom. End of slab shows cavitation under

slab over most of its length up to 8 inches deep.
Large boulders on both sides of channel at end of
wing walls. One big boulder at end should be
removed. Some "rap protection to be placed at

D. BRIDGE & PIERS end ot wing.

None.

i 'E. GATES & OPERATION None - uncontrolled.
EQUIPMENT

I

~I F. CONTROL & HISTORY None - maximum flow estimated at about one foot
over weir in June 1972 (Agnes).

-A-4



NDI NO. PA-O0 780

VISUAL INSPECTION

OBSERVATIONS AND REMARKS

INSTRUMENTATION

Monumentation None.

Observation Wells None.

Weirs None.

Piezometers None.

Staff Gauge None.

Other None.

RESERVOIR Relatively level - homes and cottages surround- -

the lake.
Slopes

Sedimentation None reported.

Watershed Flat slopes - wooded.

Description

DOWNSTREAM CHANNEL
Mountain stream - stony bottom - wooded over

Condition banks.

Slopes Moderate.

Approximate

I Population 2

No. Homes Storage garage just below dam.

A-5
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CHECK LIST

I ENGINEERING DATA
- I

PA DER # 45-207 NDI. NO. PA-O0 780

NAME OF DAM ARROWHEAD LAKE DAM

I TEM REMARKS

AS-BUILT DRAWINGS None.

REGIONAL VICINITY MAP U.S.G.S. Quadrangle - Thornhurst
See Plate II, Appendix E

CONSTRUCTION HISTORY Construction started in 1950. Completed in 1954.

GENERAL PLAN OF DAM Plate III, Appendix E.

TYPICAL SECTIONS Plate III, Appendix E.

OF DAM

OUTLETS:
PLAN Plans in PennDER files.
DETAILS See also plans in Appendix E.
CONSTRAINTS
DISCHARGE RATINGS

B-1



NDI NO. PA-00 780

ENGINEERING DATA

ITEM REMARKS

RAINFALL & No records.
RESERVOIR RECORDS

DESIGN REPORTS No records.

j I

1 GEOLOGY REPORTS Not located.

IDESIGN COMPUTATIONS: None, except some calculations by PennDER to
HYDROLOGY & check spillway capacity.

I HYDRAULICS

DAM STABILITY None.
SEEPAGE STUDIES None.

MATERIALS INVESTIGATIONS: None.
BORING RECORDS Test pits.

'1 _ LABORATORY
FIELD

- POST CONSTRUCTION None.
SURVEYS OF DAM

ii BORROW SOURCES Unknown.

B-2
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NDI NO. PA-O0 780

ENGINEERING DATA

IITEM REMARKS

MONITORING SYSTEMS None.

MODIFICATIONS Spillway repaired and drop inlet structure

modified to become stoplog structure about 1966.
Portion of embankment raised in 1970. Blowoff
pipe installed in 1972.

I HIGH POOL RECORDS No records.

IPOST CONSTRUCTION None.
ENGINEERING STUDIES

I & REPORTS

PRIOR ACCIDENTS OR None.

FAILURE OF DAM

Description:

Reports:

MAINTENANCE None.
OPERATION RECORDS

SPILLWAY PLAN, SECTIONS Pla:e III, Appendix E.
AND DETAILS

I _

4S-3
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NDI NO. PA-00 780

7 1 ENGINEERING DATA

SI TEM REMARKS

OPERATING EQUIPMENT, Stoplog structure.ILPLANS &DETAILS 24" diameter gate valve on blowoff pipe.

CONSTRUCTION RECORDS None.

PREVIOUS INSPICTION Inspection called for spillway repairs in 1965.
REPORTS & DEFICIENCIES Inspected when repaired in 1970.

- I MISCELLANEOUS

- -4



2294

NOI NO0. PA-00 180

CHECK LIST
HYDROLOGIC AND HYDRAULIC

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: Mostly woodland

ELEVATION:

TOP NORMAL POOL &STORAGE CAPACITY: Elev. 1652 Acre-Feet 1077

TOP FLOOD CONTROL POOL & STORAGE CAPACITY: Elev. 1656.9 Acre-Feet 2344

MAXIMUM4 DESIGN POOL: Elev. 1660

TOP DAM: Elev. 1656.9

SP ILLWAY: DROP INLET

a. Elevation 1652 1652

b. Type ogee weir stoplog structure

c. Width 1101 2.5'

d. Length ---_______________---_________

center of dam
e. Location Spillover -right-abutment upstream toe

f. Number and Type of Gates none none

OUTLET WORKS:

a . Type 24" diameter pipe with &ate valve

b. Location at right side of spiliway

c. Entrance inverts 1648

d. Exit inverts 1.647

e. Emergency drawdown f-ac iIi t ies 24" dameter 1iewith gate valve I-
HYDROMETEOROLOG ICAL GAGES:

~.Type none

b. Location

c. Records _____________________

MAXIMUM NON-DAMAGING DISCHARGE: 4629 cfs

B-5
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SUIARY DESCRIPTION
OF

FLOOD HYDROGRAPH PACKAGE (HEC-l)
DAM SAFETY VERSION

The hydrologic and hydraulic evaluation for this inspection report
has employed computer techniques using the Corps of Engineers computer

program identified as the Flood Hydrograph Package (HEC-l) Dam Safety

Version.

The prcgram has been designed to enable the user to perform two
basic types of hydrologic analyses: (1) the evaluation of the over-

topping potential of the dam, and (2) the capability to estimate the
downstream hydrologic-hydraulic consequences resulting from assumed

structural failures of the dam. A brief summary of the computation
procedures typically used in the dam overtopping analysis is shown
below.

Development of an inflow hydrograph to the reservoir.

Routing of the inflow hydrograph(s) through the reservoir

to determine if the event(s) analyzed would overtop the I

dam.

- Routing of the outflow hydrograph(s) of the reservoir to
desired downstrear locations. The results provide the

peak discharge and maximum stage of each routed hydrograph

at the outlet of the reach.

The output data provided by this program permits the comparison of -

downstream conditions just prior to a breach failure with that after a

' breach failure and the determination as to whether or not there is a

significant increase in the hazard to loss of life as a result of such a

The results of the studies conducted for this report are presented

in Section 5.

For detailed information regarding this program refer to the Users

Manual for the Flood Hydrograph Package (HEC-l) Dam Safety Version
prepared by the Hydrologic Engineering Center, U.S. Army Corps of

Engineers, Davis, California.

i
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-_ -; - =__--- _ __ _
HYDROLOGY AND HYDRAULIC ANALYSIS

DATA BASE

NAME OF DAM: ARROWHEAD LAKE RIVER BASIN: DELAWARE

PROBABLE MAXIMUM PRECIPITATION (PMP) 22.1 INCHES/24 HOURS
-- -

(FOR FOOTNOTES SEE NEXT PAGE) ....

STATION ,2 _4

S D LOCUST LOCUST BRADY BRADY
STATION DESCRIPTION LAKE LAKE DAM LAKE ILAKE DAM

DRAINAGE AREA (SOUARE MILES) .42 7.53

CUMULATIVE DRAINAGE AREA jIOAEML).42 .42 7.53 7.53

(SQUARE MILE) ______

6 HOURS 107 107
Z C) 12 HOURS 120 

.- 24 HOURS 128 128
z 48 HOURS 140 140

-, w72 HOURSi o > o Zone 1

ZONE 1  2 2

CDC(4)I
S.45/2.1 

I.45/2.1

- C Lp i) 2 5.08I ( tU L (MILES)(5) .2i 5 0

L c (MILES) .38 2.73

Tp- C1 (L Lco)0.3 (.hours) 1.42 4.6 ,
| zI

CREST LENGTH (FT.) 3 (dia.) i 41

j FREEBOARD (FT.)! o3 1

DISCHARGE COEFFICIENT 0.6 I 3.1

-" EXPONENT - 1.5

ELEVATION 1712 i 1716

NORMAL POOL 18.4 229

__ ELEV. 1720 = 25.3

| ELEV.

NORMAL POOL t7 1  61.3 1 1213
Uw

ELEV. 1720 0 j 1699 =.O
ELEV. 1720 = 25531

' 1 " ELEV 1724 -4741



HYDROLOGY AND HYDRAULIC ANALYSIS
DATA BASEII AROHA.LK A DELAWARE

7 , NAME OF DAM: ARROIEAD LAKE D ! RIVER BASIN:
PROBABLE MAXIMUM PRECIPITATION (PMP) 22.1 INCHES/24 HOURS -

(FOR FOOTNOTES SEE nEXT P'AGE) -

*STATION 1i 2 ___4

I I N0RFH NORTH 1
STATION DESCRIPTION ARROWHEAD ARROWHEAD ARROWHEAD ARROWHEADI _ _ _ _ _LAKE LAKE DAM LAKE . LAKE DAM

DRAINAGE AREA (SQUARE MILES) .89 " 5.9

• i CUMULATIVE DRAINAGE AREA 8
(SQUARE MILE) .89 .89 14.74 14.74

- , 6 HOURS 07 107

Z , 12 HOURS 120 120z o o- 24 HOURS 128 1 128

48 HOURS 140 ! 140

0 a ex Zone 1

ZONE 2 2

.45/2.1 .45/2.1 I

*1~~ ELc(MILES" 0.
I- L(MIES) 5 1.82 5.49

, L c, MILES) .68 2.193 I I
' ,0. Tp =C t (L ,)(hours) 2.24 ,4.43

U) I
CREST LENGTH (FT.) 60 1 11,:

Q FREEBOARD (FT.) 3.5 4.9

DISCHARGE COEFFICIENT 3.88 3.88a

. EXPONENT 1 1.5 1 1.5

u) ELEVATION 1668.2 1652

NORMAL POOL 82.6 217.6
(MT.

EE 1680 96.4 11660 364.0

ELEV 11680 = 649. _ _

NORMAL POOL 7 1  413 1077
ELEV. 1653.2 = 0 1637.2 = 0 i

I V ) Io r ELEV. _____

m ELE.V

_________.. . .. __.___!______..... . ....... __-_.... . . .. ______. ..._____

K i ll) I___Ii



(1 )I1ydroieteorolopgical Report 33 (Figure 1), U.S. Army, Corps of
Engineers, 1956.A

H2Iydrometeorological Report 33 (Figure 2), U.S. Army, Corps of
Engineers, 1956.

H31ydrological zone defined by Corps of EnAgineers, Baltimore District,
I for determining Snyder's Coefficients (C~ and Ct).

S '~'Snyder's Coefficients.

~L Length of longest water course from outlet to basin divide.
La Length of water course from outlet to point opposite the

centroid of drainage area.

I ~ 6 Planimetered area encompased by contour upstream of dam.

~PennDER files.

(8 )Computed by conic method.

I



DAN SAFElY VERSION JULY 1978ik- j LAST MODIFICATION 26 FED 79

1 At ARROWHEAD LAKE DAN *ttt TROUT CREEK
2 A2 TOBYFANNA TUP., NONROE COUNTY PA.
3 A3 NDI # PA-00780 PA DER # 45-207
4 B 300 0 15 0 0 0 0 0 -4 0
5 B1 5
6 J 1 9 1
7 Ji 1 .85 .7 .6 ,5 o4 .3 ,2 .1

* 8 K 1
9 Ki INFLOW HYDROGRAPH - LOCUST LAKE SUBAREA

10 I 1 1 .42 14,74
11 P 22.1 107 120 128 140
12 T 1 .05
13 W 1.42 .45

I j 14 X -1.5 -.05 2
15 K 1 2 1
16 KI RESERVOIR ROUITING -THRU LOCUST LAE 1
17 Y 1
18 Yl I 1l,3 -1
19 Y4 1712 1712.5 1713 1713,5 1714 1715 1715.5 1716 1716.5no 20Y5 14 40 73 93 99 1057 2805 5068
21 SA 0 18.4 25.3
22 SE 1702 1712 172023 St 1712
24 SD 1715
25 K 1 3 1
26 KI ROUTING THRU REACH 2 - 327 y I1I

28 Y1 1
29 Y6 .1 .09 .1 1673 1720 1100 .03330 Y7 0 1700 10 1700 100 1680 140 1673 150 1673
31 Y7 170 1680 470 1700 860 172032 K 4 1
33 INFLOW HYDROGRAPH - BRADY LAKE SUBAREA
34 N 1 1 7,53 14.7435 P 22.1 107 120 128 140
36 T 1 60537 q 4.62 .45
38 x -1,5 ,05 2
30 1 5 1
40 Kl RESERVOIR ROUTING - THRU BRADY LAKE

42 Yl 1 1213 -143 Y4 1716 1717 1717.3 1717.7 1717.9 1718.3 1719 1720 1721 1724* 44 Y5 0 127 196 337 431 652 1267 2736 4842 8224U5 $s o 78 300 830o 1213 2553 4?41
46 E 1699 1704 1709 1714 1716 1720 174

I 47 1116, 48 $0171707
49 K 1 6

!({ 51520 hly 1 ROUTING THRU REACH 5 - 6

52 1l
53 Y6 .1 .08 .1 1701 1740 2500 .0043
54 Y7 0 1740 10 1740 700 1720 910 1701 970 1701
55 Y7 2820 1720 3900 1740 391 1740
56 I 1 7 157 KE ROUTING THRU REACH6 - 7II



S58 V 1
59 Y 1
60 Y6 o1 .1 .1 1684 1720 2950 .0058
61 Y7 0 1720 10 1720 260 1700 1670 1684 1680 1684
62 Y7 2275 1700 3690 1720 3700 1720
63 K 1 8 1
64 KI ROUTINO THRU ADI 7 - 8
65 Y I
66 YI I
67 Y6 ,1 .09 1 1663 1700 4650 ,0045
68 Y7 0 1700 10 1700 300 1680 480 1663 490 1663
69 T7 630 1680 1820 1700 1830 1700
70 K 9 1
71 K1 INFLOW HYDROGRAPH - NORTH ARROiAHEA LAKE SUBAREA
72 m 1 I t8 14.74
73 P 22.1 107 120 128 140

* 74 T 1 .05
75 W 2,24 .45
76 X -1.5 -.05 2

*77 K 1 10o
78 Ki RESERVOIR ROUTING - THRU NORTH ARROWHEAD LAKE
79 Y 1

* 80 Yi 1 413 -1
81 Y41668*2 1669 1670 1671 1671.7 1672.5 1673 1674

582 Y 0 167 562 1091 1524 2119 2620 3980
* 83 $A 0 82.6 96,4

- - 84 $E1653.2 1668.2 1680
85 t$1668.2
86 SD1671,7

W 87 K 11 1
88 kI INFLOW HYBRGGWAPH - A.ROIIHEAD LAKE SUBAREA
89 M 1 1 5.9 14.74
90 P 22.1 107 120 128 140
91 T 1 .05

__ 92 u 4.43 .45
, x -1.5 -.05 2

94 K 4 12 1
95 hI COMPIE HYDRGDRAU S AT AROIIIEAD LAKE
96 K 1 13 1
97 El RESERVOIR ROUTING - THRU ARRMIWlEAD LAKE
9 1 1077 -1

S109 Y-4 16521 1652.5 1653 1653.5 1654 1655 16-51 1656.9 1657.5 1658
1 01 Y41658.5 1659 1659.5 1660 1660.5 1661 1662

102 Y5 0 154 435 799 1230 2261 3460 4713 5602 6411 -

103 Y5 7276 8198 9261 I10486 11857 13377 1IM8
104 14 0 217.6 364°6 649.2
105 $E1637.2 16.52 1660 1680

106 IS 1652
107 181656.9

10IK 9 PREVIEW OF SEGUENCE OF SIREAJ NEIIOR CALULATIONS

iUROF F WitROGRAM AT i
RUTE HYMOGRAPH TO 2
ROUTE HYDRCiRAFI 10 3
RIOFF HYOGRAFAT 4 - ;7v

-JROTE HYBWO Ot*RA 10 5
ROUE HYT AFP TO 6 ." - .-- o -I

RITE HlRIF Aft 10 7 ti A

RnYTE HYDROF 0 -



9? 1071 i~ -1
I I 4 1652 1652.5 165: 10. 165 165 65 1656.9 1657.5 1658

1 1101 Y41658,5 1659 1659.5 166 1660,5 1661 1662
10 Y5 0I5 3 " 13 ,6 40 41 62 61

1103 Y5 7276 8198 9261 10496 1185 13377 16889
104 0A 0 217.6 364.6 64M.

t105 SE1637.2 1652 1660 1680
106 SS 1652Ja
107 101656.9
106 K 99

1 P1REVIEV OF SEQUENCE OF SIRE4M IETU CLMATIS

RUPDJW IMIROfRAPi1 AT I
ROUuTE HYDROMTAMI 10 2
ROUTE HYPROGRAFH TO 3
RIiUF HYDROGSAM AT 4
ROTE HIMPOIRAPH 70 5

-~ -ROUTE HYDROMAH 10 6
ROUTE IIYODRAPH 70 7
ROUTE HYWI 'ROAI TO a

__ RUIiOFF IIT APII AT
WROUTE 11111RAFH. I TO 10

RUNOFF WiVROGRAPH AT 11
CV-i8IIJ 4 HYI .A-IIS Al 12

- ROUTE W11ROUMP1 TO 13IEND) OF EVR

FLOD IIYDROORAf'il PADME HfEC-I)
DAOM SAFETY VERSIO[W JUJLY 19,18

LAST HODPIrIMjION 26 VEP 79

RUIDI AE /05122.
TIV~ 07.54.21.

TODHIN IVP ~y KhM CU IHIN PA,
0M 15 A07 0 A10 #407 0

hQ ft PHI JIDtR NU IOPT HiXAC IL R SA

5 0 0 0

I __ !IIITI4AH A14ALBEES TO BE PERFORMD
NPtAN- 1 1hTIO=g 9 LRT1IO tal

-RTIOS-- 1.00 ,85 70 .60 s50-.40 *30--.20 910

l ittssn Mssils$M muu suumh

Sill-AREA RLWff CONUTATION

IN-WRAH-LOUTLTSWE



10101M HfWR - LOWT LAK WWE*

ISTAQ lUMP IEWIN INSP LT ATI IM[ ISWM TI
1 0 0 0 0 0 1 0 0

HIRhXIAiI DATA
lIMID IWHG TARFA WfJ IRSP IRSFC PATIO ISMO jSA& LOCI

1 1 .42 0.00 14.7,,4 0.00 0.000 0 0 0

SF FE ~iS PRCIP DATA
MFE M 6 R2 Q4 R48 R.7 RV6

*0.00 2210 107.50 120.00 128.00 140.00 0.00 0.00
TRSFC COWUTED IT THE PRORA IS .813

LOES IATA
LRIJPT S0. KEM RTIOL ERA!N SIPS RITIK STRIL CNSTL MW.I RII

0 0.00 0.00 1.00 0.00 0.00 1.00 1.00 .05 0.00 0.00 -

MIT11 hIifOfi DAT A
ITP- 1.42 CP- .45 KIA= 0

1IIISION DATASTRTO=- --1.50 WS -. 0 RTIP= 2.00

INIT IIT" CRAMI 52 ENO-DF-FtRI09 MIIMES LAfi 1.43 W1l5 CP-- .45 U.= 1.0

Is 6 4. 13. 77. 10. 71 t.

53. 47. 42. 1S 14. 31. 1. 25. I2. 20.

0E91-40 IO FLW
40.P4 iLM PERIOD RAIN EC LOSS COW 0 lISA 1i.W MEROD RiN M~ LOSS CW U

Sit 25.16 U.744 2.42 24l.

ISMW ItO? IEct- ITQFE 31.1 SR! IW ISTM 1010
2 1 0 0 0 0 1 0 -*

0. 0.M 0 7118M0 0 o

EIM S ELM LAG PI I -s TRIM
1 0. 0 0.000 0.000 3.000 1

STE 1712.M 1712.50 1713.00 1713.%0 1714.00 1715.0(k 1715.50 171.0 llIkC4A



HYDROORAPH ROUTING

RESERVOIR ROUTING - TdRU LOCUST LAKE

ISTAO ICOMP IECON ITAPE JPLT JPRT INAME ISTAGE IAUTO
2 1 0 0 0 0 1 0 0

ROUTING DATA
OLOSS CLOSS AVG IRES ISAME IOPT IPHP LSR

0,0 0000 0,00 i 0 0 0

NSTPS NSTDL LAG AMSKK X TSK STORA ISPRAT
1 O 0 0.000 0,000 0,000 61, -1

STAGE 1712,00 1712,50 1713,00 1713,50 1714,00 1715,00 17ij.50 1716,00 1716.50

FLOW 0,00 14,00 40,00 73,00 93100 99,00 105740 2805,00 5068.00

SURFACE AREA= 0, 18. 25,

CAPACITY= . 61. 235,

ELEVATION= 1702, 1712, 1720.

CREL SPWID COOW EXPW ELEVL COOL CAREA EXPL
1712,0 0,0 0,0 0,f 0,0 0.0 0,0 0,0

PAM DATA
TOPEL COOD EXPD DANWID

1715,0 0.0 0,0 O

PEAK OlUTFLOW IS 976. AT TI.-- 41,25 HOURS

PEAK OUTFLOW IS 830. AT TIME 41.25 HOURS

PEAK OUTFLOW IS 683, AT TIME 41,25 HOURS

PEAK OUTFLOW IS 506, AT TIME 41,25 HOURS

PEAK OUTFLOW IS 408, AT TIME 4!,25 HOURS

PEAK OUTFLOW IS 378, AT TIME 4150 HOURS

PEAh OUTFLOW IS 246. AT TIME 42,50 HOURS

PEAK OUTFLOW IS 95, AT TIME 44,00 HOURS

PEAK OUTFLOW IS 54, AT TIME 43,75 HOURS

-It t t t ts t t t t t tt ~ t t t t t t$ t t t t



HYDROGRAPH ROUTING

ROUTING THRU REACH 2 - 3

ISTAG ICOHP IECON ITAPE JPLT JPRT INAME ISTAGE IAUTO

3 1 0 0 0 0 1 0 0
ROUTING DATA

GLOSS CLOSS AVG IRES ISAME IOPT IPHP LSTR
0.0 0,000 0,00 1 0 0 0 0

NSTPS NSTDL LAG AMSKK X TSK STORA ISPRAT
1 0 0 04000 0,000 0.000 0. 0

NORMAL DEPTH CHANNEL ROUTING

ON(I) ON(2) OH(3) ELNVT ELMAX RLNTH GEL
-.1000 ,09C .1000 1673.0 1720,0 1100, ,03300

ICROSS SECTION COORDINATES- AELEVtSTAYELEV--ETC
0.00 1700.00 10,00 1700.00 100,00 1600.00 1,.0,00 1673,00 150,00 1673,00

170.00 1680,00 470.00 1700.00 860,00 1720.00

STORAGE 0.00 1.29 3.90 7.06 14.25 23.66 36,07 51.51 69.95 91.4 -

115,80 143,42 174,54 208.68 245.83 285,99 329,16 375,35 424,55 476.7

OUTFLOW 0.00 209,72 938,92 2466,74 5451,56 10079,83 16751,44 25814.27 37587,32 52369.!
70444,30 91359,60 117183.20 147383,68 182166.44 221742,77 266325,30 316125,03 371354.31 432218,'

oUSTAGE 1673.00 1675,47 1677.95 1680,42 1682.89 1685,37 J687,84 1690,32 1692,79 1695,7

1697.74 1700.21 902,68 1705,16 1707,63 1710.11 1712,58 1715,05 1717,53 172017.

SFLOW 0,00 209.72 938.92 2466.74 5451,56 10079.83 16751.44 215814,27 37587,32 52369,s
'i70444430 91359,60 117183,20 147383,68 182166s44 221742.77 266325,30 316125,83 371354431 432218.1'

!jMAXIMUM STAGE IS 1678,0

M MAXIMUM STAGE IS 167741

MAXIMUM STAGE IS 1676,8

MAXIMUM STAGE IS 1676.5

M MAXIMUM STAGE IS 1676.1

MAXIMUM STAGE IS 1675.6

IMUM STAGE IS 1674.1 V
MAXIMUM STAGE IS 1673,6



SUB-AREA RUNOFF COMPUTATION

INFLOW HYDROGRAPH - BRADY LAhE SUBAREA

ISTAQ ICOMP IECON ITAPE JPLT JPRT INAME ISTAGE IAUTO
4 0 0 0 0 0 1 0 0=--

2 HYDROGRAPH DATA

IHYDG IUHG TAREA SNAP TRSDA TRSPC RATIO ISHOW ISAHE LOCAL
1 1 7,53 0,00 14.74 0.00 0,000 0 0 0

PRECIP DATA
SPFE PMS R6 R12 R24 R48 R72 R?6
0,00 22,10 107,00 120,00 128.00 140,00 0.00 0,00

TRSPC COMPUTED BY THE PROGRAM IS .813

LOSS DATA

LROPI SIRNR DLTKR RTIOL ERAIN STRS RTIOK STRIL CNSTL ALSHX RTIMP
0 0.00 0.00 1.00 0.00 0,00 1.00 1.00 ,05 0100 0.00

UNIT HYDROGRAPH DATA
TP= 4o62 CP= .45 HTA= 0

RECESSION DATA 29
STRTO= -1,40 ORCSN= -.05 RTIOR= 2.00

UNIT HYIROGRAPH100 END-F-FERIOD ORDINATES, LAG= 4.66 HOURS, CP= .45 VOL= .95
5. 21, 43. 70, 100. 134, 169. 207. 246, 287. 

327, 363. 395. 422, 445, 464. 477, 485. 486, 477. m
461. 446, 431. 417, 403, 389, 376. 364. 352. 340,
328, 317, 307. 297, 287, 277. 268. 259. 250. 242.
234, 225, 218. 211, 204, 17, 191, 184, 178. 172.
166. 161, 155, 150, 145. 140. 136, 131, 127, 123,
118. 114, Ill. 107, 103, 100, 97, 93, 90. 87.

84. 81, 79, 76, 74, 71, 69. 66. 64, 62.
60, 58. 56. 54, 52, 51, 47. 47. 46, 44.

43. 41, 40, 39. 37, 36, 35, 34, 33, 31s

0 END-OF-PERIOD FLOW

MODA HR.MN PERIOD RAIN EXCS LOSS COMP 0 MO.DA HRNN PERIOD RAIN EXCS LOSS COMP 0

SUN 25.16 22.74 2.42 425146,
( 639.)( 578.)( 61.)(12038,79)

: tttt~~ttttt $!$$$$$$$$ t~t*#*$ttt$tt$$t$tttt

HYDROGRAPH ROUTING

RESERVOIR ROUTING - THRU PRADY LAKE

._ ISTAO ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO
5 1 0 0 0 0 1 0 "0

ROUTING DATA
OLOSS CLOSS AVG IRES ISAME IOPT IPMP LSTRf

0,0 0,000 O.A 1 0 0 0 0



I '

7 HYDROGRAPH ROUTING

RESERVOIR ROUTING - THRU BRADY LANE

ISTAG ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTOI5 1 0 0 0 0 1 0 0I ROUTING DATA
G LOSS CLOSS AVG IRES ISAME IOPT IPMP LSTR0.0 0,000 0.00 1 0 0 0 0

NSTPS NSTDL LAG AMSKK X TSK STURA ISPRAT
1 0 0 0.000 0,000 0.000 1213. -1

STAGE 1716.00 1717.00 1717.30 1717.70 1717.90 1718.30 1719.00 1720.00 1721.00 1724.0

FLOW 0.00 127.00 196.00 337.00 431.00 652,00 1267.00 2736.00 4842.00 8224.01 2-

CAPACITY= 0. 78, 300. 830. 1213. 2553. 4741,

ELEVATION= 1699, 1704, 1709, 1714, 1716. 1720. 1724,I CREL SPUID COOW EXPW ELEVL COOL CAREA EXPL1 1716.0 0.0 0.0 0.0 O.u 0.0 0.0 0,0

IDAM DATA
TOPEL COOD EXPI DAMWID

1717.7 0.0 0.0 0.

PEAK OUTFLOW IS 6078, AT TIME 47,75 HOURS

PEAK OUTFLOW IS 5333, AT TIME 47.50 HOURS

IPEAK OUTFLO IS 4556, AT TIME 47.25 HOURS

I PEAK OUTFLOW IS 360, AT TINE 47.25 HOURS

II PEAK OUTFLOW IS 3147, AT TIME 47.25 HOURS

== I

I PEAK OUTFLOW IS 1636 AT TINE 48,50 HOURS

I PEAK OUTFLOW IS 880, AT TINE 50425 HOURS

( OUTFLOW IS 291. AT TIME 53.25 HOURS

$tii$$!itt ttsitet$! 0110 t$ li ilt



HYDROGRAPH ROUIH6 q

ROUTING THRU REACH 5 - 6

ISTAO ICOMP JECON ITAFE JPLT JPRT INAHE ISIAGE IAUTO
6 1 0 0 0 0 1 0 0*1 ROUTING DATA

OLOSS CLOSS AVG IRES ISA, E IOPT IPHP LSTR

0.0 0.000 0.00 1 0 0 0 0

tISTPS HSTDL LAG AS'K X TSK STORA ISPRAT

1 0 0 0.0'00 0.000 0.000 0. 0

NORMAL DEPTH CHANNEL ROUTING

ON(1) ON(2) ON(3) ELIJVT ELMAX RLHT4 SEL

.1000 .0800 ,1000 1701.0 1740.0 2500, ,00430

CROSS SECTION COORIIIlAIES--STiA,ELEVSTAELEV--ETC
0,00 1740400 10.00 1740,00 700.00 1720,00 91000 1701.00 970,00 1701400

2820,00 1720.00 3900.00 1740,00 3910.00 1740.00

STORAGE 0.00 20,18 66,57 139,18 238,01 363.06 514,32 691.80 895.50 1125.41
1380.22 1656,57 1954.33 2273.49 2614.05 2976.01 3359.37 3764.13 4190.30 4637.8 /

OUTFLON 0,00 496.59 2465,20 6606.67 13522,99 23756.02 3706.14 56142.71 79210.57 107434.50
147267,25 195226.55 249484,25 310225.70 377624.11 451849.16 533069.50 621453.44 717169.11 820384.33

STAGE 1701.00 1703405 1705,11 1707.16 1709.21 1711.26 1713.32 1715.37 1717.42 1719,47
1721.53 1723.58 1725,63 1727,68 1729,74 1731.79 1733.84 1735.89 1737,95 1740,0C

FLOW 0,00 496,59 2465,20 6606.67 13522.99 23756.02 37806,14 56142.71 79210,57 107434,50
147267,25 195226,55 249484425 310225,70 377624,11 451849.16 533069.50 621453.44 717169.11 820384,32

MAXIMUM STAGE IS 1706.9

MAXIMUM STAGE IS 1706,5

MAXIHUM STAGE IS 1706.1

HAXIMUM STAGE IS 1705.8

I MAXIUIt STAGE IS 1705.4

i MAXIMUM STAGE IS 1705.1

MAXIMUM STAGE 15 1704,2

I4MSTAGE IS 1703.5

MAXIHUM STAGE IS 1702.2
" !



HYDROGRAF ROUTING JO

ROUTING THRU REACH 6 - 7

- ISTAG ICORP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO

7 1 0 0 0 0 1 0 0
ROUTIO DATA

GLOSS CLOSS AVG IRES ISAME IOPT IPMP LSTR
0,0 0.000 0,00 1 0 0 0 0

NSTPS NSTDL LAG ANSKK X TSK STOA ISPRAT ag

1 0 0 0000 0000 0,000 0. 0 tn

""0MflAL DEPTH CHANNEL ROUTING

O N) ON(2) O(31 EL14VT ELHAX RLNTH SEt
.1000 .1000 11000 1684.0 1720.0 2950, .00580

CROSS SECTIOR EOORDI!AIES--STAiELEVSTAYELEV--ETC
0.00 1720.00 10400 1720,00 260.00 1700.00 1670#0 1684.00 1680,00 1684.00

2275.00 1700,00 3690.00 1720.00 3700.00 1720,00

STOkAGE 0.00 16.52 63.50 140.95 248.87 387,25 556.10 755.42 985,20 1243.87
1523,80 1823.96 2144,36 2485,01 2845,9 3227,02 3628.38 4049498 4491,83 4953.91

I OUTFLOU 0.00 274.07 1651.35 4781,84 10204,92 18401,30 29812.64 44051,87 6390,53 90591,4s

, 124677.69 163938.56 208247.39 258065.33 313450,16 374558,57 441546,73 514570.31 553784t43 678k56,4t |

STAGE 1684.00 1685.89 1687.79 1607.68 16?1.58 1693,47 1695.37 16?7.26 1699.16 1701,05I 1702.95 1704.84 1706.74 1709.63 1710,53 1712.42 1714,32 1716.21 1718,11 1720.00 i5

SFOV 0,00 274,07 1651.35 4781,84 10204.92 19401,30 29812,64 44851,87 63909.53 90591.44
124677.69 163839.56 208247.39 258065,33 313450,16 374558,57 441546,73 514570,31 593784.43 678656.45

MlAXIM~J STAGE IS 1690.1

MAXIMU STAGE IS 1689.9

MAXIUM STAGE IS 1689.5

if HAXIKUH STAGE IS 1689,1

N'I AXIUN STAGE IS 1609.7

i i IAXIU STAGE IS 1688.3

NAXIBU STAGE 1S 1687,8

, 'Ni STAGE IS 1686,7

NAXIBUB STAGE IS 16899

Ilttttttt~t tt~~t _fttt!tit!lt
°I



-HYDROGRAPH ROUTING

ROUTING THRU REACH 7 - 8

ISTAO ICONP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO
8 1 0 0 0 0 1 0 0

" ROUTING DATA

GLOSS CLOSS AVG IRES ISAME JOPT IPP LSTR0.0 0.000 0.00 1 0 0 0 0

NSTPS NSTDL LAG AMSKK X TSK STORA ISPRAT
1 0 0 0.000 0.000 0,000 0, 0

I "1
I NORMAL DEPTH CHANNEL ROUTING

ONlJ) OH(2) ON(3) ELNVT ELIIAX RLNTII SEL
.1000 .0900 .1000 1663,0 1700.0 4650, .00450

CROSS SECTIOl COORDIATES--STAELEV,STAELEV--ETC
0.00 1700,00 10.00 1700.00 300.00 1680.00 480,00 1663.00 490.00 1663.00SSOA 630.00 1680,00 1820.00 1700.00 1830.00 1700,00

STORAGE 0.00 5.89 19.40 40.53 69,28 105.65 149,64 201.24 260.47 328.14
419.82 541,45 693.04 874,58 1086.08 1327,54 1598.96 1900,33 2231.66 2592.9-, -

OUTFLOW 0.00 68,30 338.28 905.64 1852.66 3253.38 5176.21 7685.28 10841,42 14978.5 ®
A 2082796 2074.26 37025.89 47946, 4 610734 76630,52 9;25.6; 115859,00 139922,13 166593.4

A STAGE 166300 166495 1666.8? 16480,4 1670,79 1672,74 1674468 1676.63 1678,58 1680,5Z
, 1682,47 1684.42 1696.37 16B8,32 1610.264 1692.21 1694.16 1696.11 1608,05 1700,0' 1

' FLOW 0,00) 68,30 338.28 905.64 1952-66 3253.30 5176.21 76B5.28 10841,42 14978,51i
S20827.96 20074-C6 37025.89 47946.24 41073.84 76630.52 94825 ,68 115859,00 139Y22,13 166593,41i-

MAXHIMUM STAGE IS 1675.4 {

HAXIMUM STAGE IS 1674,8

MAXIMUM STAGE IS 1674.0

IR

MAXIHU STAGE IS 1673.3

M fAXIMUM! STAGE IS 1672.6

M AXIMUM STAGE IS 1671,6

MAXIMUM STAGE IS 1670.3

,. UM STAGE IS 1668,7

'.FAXIKUH STAGE IS 1666,5

-I _ i_ _ _



SUB-AREA RUNOFF COMPUTATION 1

INFLOi HYDROGRAPH - NORTH ARROUHEAD LAKE SUBAREA

ISTAO ICOMP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO

9 0 0 0 0 0 1 0 0

HYDROGRAPH DATA
IHYDG IUHG TAREA SNAP TRSDA TRSPC RATIO ISNOW ISANE LOCAL

1 1 .89 0.00 14.74 0.00 0.000 0 0 0

FRECIP DATA
SPFE PHS R6 R12 R24 R48 R72 R96
0.00 22.10 107.00 120,00 128.00 140,00 0.00 0.00

TRSPC COMPUTED BY THE PROGRAM IS .813

LOSS DATA
LROPT STRhi DLTKR RTIOL ERAI SIRKS RTIOK STRIL CENSTL ALSHX R1IP

0 0.00 0.00 1,00 0.00 0.00 1.00 1.00 105 0.00 0.00

UNiT HYDROGRAPH DATA
TP= 2.24 CP= .45 NTA= 0

RECESSION DATA
STRTO= -1.50 ORCSN= -.05 RTIOR= 2.00

UNIT HY[,ROGRAPH 81 END-OF-PERIOD ORDINATES, LAG= 2.25 POURSP CP= .45 VOL= 1.0014. 14. 30. 47, 67. 86, 101. 112. 117. 1150
107. 101, 94, 89. 82. 76. 71. 66, 62, 58.
54, 50. 47. 44, 41. 38, 35. 33. 31. 29.
27. 25. 23. 22 20. 19. 1o. 16. 15. 14.
13. 12. 12. 1. 10. 9. 9. 8. 7.

6. 6. S. 5, 5, 4. 4, 4. 3.
3. 3 3. 3, . 2. 2 . 2..

1..

0 END-OF-FERIOD FLO-
MO,DA HRIIN PERIOD RAIN EXCS LOSS COP 0 MO.DA HR,flN PERIOD RAIN EXCS LOSS COMP O i

SUN 25.16 22.74 2.42 52219.

639.)( 578.)( 61.)( 1478,68)

:1 #* ;lS$t St$S$ tt~tSS tS ,St**t*$*$SS$$$

i '1YDROGRAPH ROUTING

RESERVOIR ROUTING - THRU NORTH ARROWHEAD LAKE

ISTAQ ICOrFP IECOR ITAPE JLT J'RT INANE ISTAGE IAUTO1o 1 0 0 0 0 1 0 0

ROUTING DATA
G GLOSS CLOSS AVG IRES ISANE IOPT IPMIP LSTR01 . 000oo oloo 1 0 0 0 o0,

--. -
NST jTDt LAG A-S- I I--k -ORA I-_RP-T -

j~~ ~~~ ..... 413...m mm~,,



HYDROGRAPH ROUTING 13

RESERVOIR ROUTING - THRU NORTH ARROWqHEAD LANE

ISTAO ICOMP IECON ITAPE JPLI JPRT INANE ISTAGE IAUTO
10 1 0 0 0 0 I 0 0~ROUTING DATA

GLOSS CLOSS AVG IRES ISAHE IOPT IPFP LSTR
0.0 0.000 0.00 1 0 0 0 0

NSTPS NSTDL LAG ANSKK X ISR STORA ISPRAT
1 0 0 0,000 0.000 0.000 413. -1 -

STAGE 1668.20 1669,00 1670.00 1671,00 1671.70 1672.50 1673.00 1674.00

FLOW 0.00 167.00 562.00 1091.00 1524.00 2119.00 2620.00 3980.00

SURFACE AREA= 0, 83. 96,

CAPACITY= 0. 413. 1468.

ELEVATION= 1653, 1668. 1680.1 CREL SPIID COOV EXPO ELEVL COOL CAREA EXPL
1668.2 0.0 0,0 0,0 0.0 0.0 0.0 0.0

ii DAN DATA
TOFEL COO EXPI DAPWIDJI* 1671.7 0.0 0.0 0.

PEAK OUTFLOW IS 1310. AT TINE 43.75 HOURS

PEAK OUTFLOW IS 1088. AT TINE 43.75 HOURS

PEAK OUTFLCW IS 984. AT TINE 44.00 HOURS

PEAK OUTFLOW IS 745. AT TIME 44.00 HOURS
. 0 K

PEAK OUTFLOW IS 599, AT TIME 44.00 HOURS

PEAk OUTFLOW IS 467. AT TINE 44.25 HOBUlS

PEAK OLIIFLOW IS 339. AT TINE 44.25 HOURS
*

PEAk OUTFLOW IS 206. AT TIME 44.75 HOURS
ir

PEAK OUTFLOW iS 96, AT TINE 45.00 HOURSI{

I~--

=1~ __

~ ~±aau~Alm



- I
- $$$$$, $$$$$$$$$$ 3$t$tS¢$$t $t,tt*it $$t$$$

SUB-AREA RUNOFF CONFUTATION

INFLOV HYDROGRAPH - ARROWHEAD LAhE SUBAREA

I ISTAO ICOHP IECON ITAFE JPLT JPRI INA!E ISIAGE IAUTO

11 0 0 0 0 0 10 0 0

HYPROGRAPH DIiA

IHYDG ING TAREA SNAP IRSDA IRSPC RATIO ISNOJ ISAME LOCAL

1 1 5.90 0.00 14.74 0.00 0,000 0 0 0
a

FRECIP DATA
SPFE PHS R6 R12 R24 R48 R72 R96

0.00 22.10 107.00 120:00 128.00 140.00 0.00 0.00

TRSPC COMPUTED BY THE PROGRAM IS ,813

LOSS PAIA

LROPT STRhR DLIKR RTIOL ERAIN STRKS RIIOK STRIL CNSTL ALSKX RTItW

0 0,00 0.00 1,00 0.00 0.00 1.00 1.00 .05 0.00 0.00

i UNIT HYDROGRAFH DA A

TP= 4.43 UP= 45 NTA= 0

RECESSION DAIASlTI= -1.5Q OKS -.05 RTIDR=2.00i

UNIT HIPSOGRAP IO0 END-OF-PERIOD ORDINATES, LtAG= 4.44 HOUGS, C= .45 VOL= .96 __

. 3 7. C , 87, 116, 14, 177. 214. 224.0
S281, 3.19. 335. 356. 373, 386, 3'74. 5Q97. 3"., 370.

25.5. 25

'3,45, 352, 34-1. 328. 317, 306, It -,  2.5. 21725

'47 . . 1 6 .1 2034 13. 1863.1cl to. 1-74. 18e. 1162. 156. 151. 146. 141. 136. 131.!|

126, 122. 11t, 114, 110. 106. 1021 74. ?5. 92.
."89, 86. 93. Poo 77. 74. 2. 69, 67. 65,

S62. 6o. .59. 56. 54, 52. 50. 4?. 47, 45,

, 44, 42. 41. 3. 38. 37, 15. 34. 33. 32,

S31h 30. 29. 28. 27. 26. 15. 24, 3,2 ,

! 0 ED-OF-FER!OD FLOI |

KO.D HR.NlH PERIUD RAIN EXCS LOSS COKP 0 NO. HR.M PERIOD RAIN EXCS LOSS COR 09

2UI ,I2 .16 2 2 .74 .4 2 ...... . -m

1
CONINE HYDOGRAFIIS AT APPE"KAD LAhEI

IST0r ICONP IECON ITAFE At!I $1RT INAl( ISTAGE IAIJTO

112 4 0 0 0 0 1 0 0 -

= A



±1 HYDRUGRAH ROUTING

RESERVOIR ROUTING - THRU ARROHEAD LAKE

ISTAO ICONP IECON ITAPE JPLT JPRT INANE ISTAGE IAUTO
13 1 0 0 0 0 1 0 0

ROUTING DATASOLOSS CLOSS AVG IRES ISAME IOPT IFMP LSTR
0.0 0.000 0.00 1 0 0 0 0

NSTPS HSTPL LAO AIISKK X 15K STORA ISPRAT1 0 0 0,000 0.000 0-000 1077. -1

STAGE 1654.,00 1652.50 1653.00 1653.50 1654.00 1655.00 1656.00 1656,90 1o57,1658.50 1659.00 1659.50 1660.00 1660.50 1661.00 1662.00I FLOW 0.00 154.00 435,00 7M 00 1230.00 2261.00 3480.00 4711.00 %t02
7276.00 8198.00 9261.00 10486.00 11857.00 13377,00 16889.00

SURFACE AREA: 0. 218, 365, 649,

SCAPACITY= 0# 1073, 3377. 13379.

ELEVATION= 1637. 1652, 1660. 1680.

CREL SFUI EO9 EXPW ELEVL COOL CAREA EXPL
1652.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0ii PARi DATA

1OPIL COOD EXPF PAihVID
1656.9 0.0 0.0 0.

PEAK OUIFLOV IS 11914. AT TINE 47.25 HOURS

I PEAK OJTFLOU IS 10074, AT TINE 47,75 HOURS

I PEAK OUITFLI IS 8147. AT TINE 48.25 HOURS

I0V PEAK .JTFLOV IS 6845. AT TIME 48,50 HOURS

PEAK OujTFLOV IS 5539. AT TIME 49.00 HOURS

PEAK OJTFLO IS 4236. AT TIME 49,50 HOURS
0

PEAK OUTFL O IS 2905. AT TIME 50.00 HOURS

PEA WIFLOV IS 1674. AT TIME 50.50 HOURS

PEAK OUIFLO IS 668. AT TIME 49.75 HOURS

710I|_______________________________________



PEAK FLOI AND STORAGE (END OF PERIOD) SUMMARY FOR HULTIFLE PLA-RATIO ECONIOMIC COMPUTATIONS

FLOVS IR CUBIC FEET PER SECOND (CUPIC VETERS PER SECO111)
AREA IN SOUARE MILES (SOUARE KILOMETERS)

RATIOS APPLIED TO FLOVS
OPERATION STATION AREA PLAN RATIO I RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 RATIO 8 RATIO

1.00 685 .70 .60 .50 .40 .30 620 If

Ii
HfDROGRAPH AT 1 .42 1 982. 834. 687, 58?. 491, 3?3. 294. 196. ?a.

1.09) 4 27-80)( 23.63)( 19.46)( 16.68)( 13,0)( 11,12)H 8.34)( 5.56)( 2.78)

ROUTED TO 2 .42 1 976. 830. 683. 586. 488. 378. 246. 95. 54.
( 1.09) 4 27.63)( 23.49)( 19.34)( 16.58)( 13.81)( 10.72)( 6.98)4 2.68)( 1.52'

ROUTED TO 3 ,42 1 977. 829. L78. S9. 510. 399. 25c, ?5. 51.

1,09) 4 27.67)( 23.46)( 19.21)( 16,76)( 14.43)( 11#30)( 7.35)( 2-68)( 1.52!

HYDROGRAPH AT 4 7.53 1 851B . 7234. 5958. 5107. 4256, 3404. 2553. 1702, 851.
19,50) 4 241,01)( 204,86)( 68.71)4 144.60)( 120.50)4 96,40)( 72.30)H 48.20)4 24iO]

ROUTED TO 5 7.53 1 6078. 5333. 4556, 3860, 3157, 2427. 1636. 880. . 111
( 19.50) 4 172.11)( 151,02)H 129.02)( 109.31)( 89.41)( 68.73)4 46,33)( 24,93)H 8

ROUTED TO 6 7.53 1 6075. 5330. 4552, 3856. 31 5 2423. 1633. 879.
19.50) 4172.02)( 150.94)( 128.,0)( 109.20)H 8;.33)( 68.61)( 46.24)( 24.90)( 8.71' I

ROUTED TO 7 ;.53 1 6071. 5327. 4:44. 3849. 314?, 2418. 1626. 877. 20
19.50) ( 171*90)( 150.84)( 128.67) 109.00)( 8.16)( 68,47)i 46,04)( 24.83)( 8.21"

ROUTED TO 8 7,53 r 6067. 5323. 4537. 3843. 3142. 2412. 1621. 874. 28-.
19,5) 4 171.79)( 150.74)( 128.47)H 1Oe,81)( 80.Thc 68.31)( 45.8?)( 24.76H4 81r,

HYDROGRAFH AT 9 .89 1 163. 1386. 1141. 978, 815. 652. 489. 326. 10
2.31) ( 46.16)( 39.24)( 32,31}( '17.70)( 23.08)4 18.47)( 13.85)t 9.23)( 4. -" '

ROUTED TO 10 .19 1 1310. 1069, E4, 745. 5??. 467. 339. 206. C i
2.31) 4 37.09)( 30.81)( 25.02)( 21.08)' 16-96)( 13.22)( 9.61)( 5.84)( 2

HYDROGRAPHAT 1t 5.9- 1 68711. 91 4 10; 4123; 3436; 274?. 2061. 1374. 6.1
( 15.79) i 194.58)( 167-139)( 136-20)( 116.75)( 97,29)( 77.03)( 58.37)( 38.92)t 19.49

4 COIINED 12 14,74 1 13133. 11234. 9153. 7709. 6265. 4755. 3183. 1826. 8W, j
38.18) 4371.88)( 31,11)( 259.09)1 218.29)( 177.41)( 134.64)( 90.13)( 51,701f 251.".

ROUTED TO 13 14.74 1 11914. 1,134. 6147. 685V53. 4236. 2776. 1674. mf
38,18) f 337.38)( 2n5.27)( 230,70)( 193.84)( 156.83)( 119.95)( 82.25)( 47.41)( 18 i

11iifY OF DAN SAFETY ANALYSIS

PLAN I ............... INITIAL VALUE SPILLVAY [REST TOP Or DA
ELEVATION 1711.97 1712.00 1715.00
SIORAGE 61. 61. 12.
OJTFLO 0. 0. 99. |

71i

-- . .. - - -



1 SilflhWY OF DANI S4FETY AhLYSIS

PLAN I ............... INITIAL VALUE SPILLVA CREST TOP OF DAI
ELEVATION 1711.9 1712,00 1715.00
STORAGE 61. 61. 120.
OUTFLOV 0. 0. 99.

RATIO HAXIU NAXIINUN MAXIUH KAXIM.Ii WRATION TIRE OF TIME OF
OF RESERVOIR DEPTH STORAGE OUTFLOV OVER TOP MIAX OUTFLO FAILURE
SPfi W.S.ELEV OVER PAN AC-FT CF5 HOURS HOURS HOURS

1.00 1715.46 .46 130, 976. 25 41.25 0,00
.85 1715.38 .38 128. 83(. 8.50 41.25 0.00
.70 1715.30 .30" 127# 683. 7.50 41.25 0.00 -

.60 1715.25 .25 126. 586, 6.50 41.25 0.00

.50 1715.20 .20 124. 4F8. 5.75 41#25 0.0r0
! 1 .40 1715.15 .15 123# 378. 4.75 41.,50 0.00

" .30 1715.08 .08 122. 246# 3.00 42.50 0.40

o20 1714.29 0.00 106. 95. 0.00 44.00 0.0.-
.10 1713.21 0.00 84# 54. 0.00 43#75 0#00

PLAH I STATION 3

KAXIHL. H li Aih IA TIIE

I RATIO FLOMYC, S STAEEFT HOURS

1,08 V77. 1678.0 41.25-
.35 629. 1677.6 41,25
.70 678. 1677.1 41.50
.60 5Th2 1676.8 41.25

.50 510. 1676.A 41.r-

.40 399, 1676.1 41.75
,30 25?. 16,.6 42,75
.20 95. 1674.1 44.00
.10 54. 1673.6 43.75

I SUW"AY OF DAN SAFETY WNLYSIS

'I3

-- - FLAN 1 ............... INITIh.t VALUE SPILL AY WEST T OfP ---

ELEVATION 1716.06 1716.00 1717.70
STORAGE 1213. 1213. 1782.
oTFLN 0. 0 337#

RATIO IIAXIIIUM IAXiIUTI F-112%21 IIAXI Ml DURATION TIKl C- TIlE OF
OF RESERVIR DEPTH SIBRASE OUITFLOU OIER TOP MIAX GUTFLOU FAILLKE

PMW V.S.ELEV OVER PAN AC-FT tfS lWoks HOURS WKIS

1.00 1722.10 4.40 370. 60;. 35.15 47...i 0.-0
..85 1721.44 3,74 3338. 5333. 33.75 47.50 0.00
.70 1720#.96 3.16 302A. 4.56. 32.00 V1.25 0.0
.60 172.53 2.83 2-45. 386t. 30.75 47.25 0.M

= .50 1720.20 2,50 "612. 3155 47.25 0.0.2
.40 1719.79 2.09 2483. 247. 27.50 47.75 0.(0 -

.30 1719.25 1#55 2302. 1636. 15.00 48.50 0.03
.20 1718.56 .86 2071. 880. 20,50 50.25 0.00
# .10 1717,57 0,00 17389 271. 0.00 53.25 0.0

1 
__4

L=



PL M I SI A i WN 6

PIAXIIJ 1? 41klIk iit
PATIO FLOIICFS STGE;FT IIJ

1.00 6075 "G6 48.00
,55 5330. fl6.5 47.15

-.70 4. V d •.. 47.2
.60 3 .. 47.5
5) 315CS. 1) .1 47.50
40 242. .
.30 1633. 110. 2 48.75
.20 879. P03.5 50.54* .10 290. 1fl-2.2 53.5.

O t..M I STATION

P ATIO1 FtOVtCFS SI(&.FT IFS'

1.00- 6071. H16! 348. 25
* , 7. IfSH.? 48.N0
T 4544. 1M?-2 5 47.75

L i. 16;.3 47.5

" . ~748. 1 ; 5.

.10 2o. -M. 542I

P 1-4 1 STAT'W

RATI 101 c FMCS;M-_41 WW__C

I.6 f 4.. 1"'.3 49.00

ft -- -m-.--- . ',, -. .... I, ...... _ ; . .

.... 
_....43...: K-43. 16 432

43.75j

. 814 16;.; 51.50 .
.10 M8. 1666. 53.00

* I -= OFWIM SWEll ?&&ThS I
* Ft~AX ........... IIILWd 'aarCLT 111 J

E1.EMIW 1666.2 DS2 1671i.'!0
ST413.41.7.
OJ41L. AV!'*

0. V. tqI

p£ "DR1AW"T 19 iiI't "mJ S1111Mi MYui.M tTI I I 'Nw t$S IK
U Kr4 IT ISTiW OIW~~ IDFR TPPA MANJJRW FIL9

1 76 16711.35 0.0 670. IN. 0400 I.0
M- 11--1 0A



I JSUMIARY OF DAN SAfElY AIIALYSIS

* PLAN I ,,.,,,,,,.,.,,, 1IIIAL VALUE SPILLWAY CREST TOP OF DANI ELEVATION 1668,20 1668,20 1671.70
STORAGE 413, 413. 709,
OUTFLOW 0. 0. 1524.

RATIO MAXIMUM MAXIMUM MAXIMUM MAXIMUM DURATION TIiME OF TIME OF
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILUREPNF W.S.ELEV OVER DAM AC-FT CFS flOURS HOURS HOURS

1.00 1671.35 0.00 679, 1310, 0.00 43,75 0.00
.85 1670,99 0.00 648, 108. 0.00 43.75 0.00
.70 1670.61 000 615. 884, 0.00 44,00 0.00' .60 1670.35 0.00 593. 74, .0.00 44.00 0,00.50 1670.07 0,00 569. 59. 0,00 44.00 0.00
.40 1669,76 0,00 5.43. 467, oleo 44,25 0,00S.30 1669444 000 A16v 337. 0.00 44.25 0,00.2o 1669.10 oleo 488. 2066 oleo 44,75 oleo.10 1668.66 0400 451 96. oleo 45400 oleo

S URMARY OF DAN SAFETY ANALYSIS

PLAN 1 , ...... ,, INITIAL VALUE SPILLWAY CREST TOP OF DAN
ELEVATION 1652.01 1652.00 1656.90
STORAGE 1076, 1073. 2344,
OUTFLOW 4, 0, 4713,

- RATIO MAXIhUM MAXIMUM MAXIMUM MAXlIIUM rU A1101 TINE OF TIME OF
o RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURESPMF WSELEV OVER PAN AC-FT CFS HlOURS HOURS HOURS

1.00 1660.52 3.62 3568, 11714, 17,25 47.25 0400
.85 1659.83 2,93 3316, 10074, 15.25 47.75 0.00
.70 1658.97 2.07 3013, 8147, 12,:: 48.25 0,00
.,60 1653,25 1.35 2771, 6845, 10,25 48,50 0,00

150 1657.46 .56 2515, 5539, 6.75 49,00 0.00
.40 1656,55 0.00 2239. 4236. 0,00 49.50 0.00
6 .30 1655,53 0 00 1945, 2205, 0.00 50.00 0.00
.20 1654.43 0,00 1651. 1674, 0.00 50.50 0.00
.10 1653,32 0,00 1375, 668, 000 4?,75 0.00

FLOOD HYPROGRAPH PACKAGE (HEC-1)
DAN SAFETY VERSION JULY 1978

I lAST MODIFICATION1 26 FED 79

EOI ENCOUNiERED.
N>

0U
T I

-IN



1Al ARROUlEflf LAKE DAM M$i TROUT CREEK
2 A2 TODYHANHA TP,, MinORE COUMY PA,
3 A3 NDI # PA-00780 PA DER , 45-207
4 300 0 o 0 o oS5 Bi 5

16 J 1 9 1
7Jl .85 ,7 ,6 .5 ,4 ,3 ,2 ,1

-9 h1 !FLOV HYDROGRAPH - LOCUST LAKE SUBAREA
10 H 1 1 42 14,74

11 P 22.1 107 120 128 140
* 12 T 1 .05

13 W 1,42 .45
14 X -1,5 -,05 2
15 K 1 2 116 KI RESERVOIR ROUIING - THRU LOCUST LAKE

t17 Y I

18 YI 1 61.3 -1
19 Y4 1712 1712.5 1713 1713.5 1714 1715 1715,5 1716 1716.520 Y5 0 14 40 73 93 99 1057 2805 5068

,•21 SA 0 18.4 25,3
S22 SE 1702 1712 1720

23 $ 1712

* 24 $D 1715
25 K 1 3 1
26 K1 ROUTING THRU REACH 2 -3
27 Y I
28 it I
29 Y6 1 .09 ,1 1673 1720 llCO .033
30 Y7 0 1700 10 1700 100 1600 140 1673 150 1673
31 Y7 170 1680 470 1700 860 1720I 32 K 4 1

.33 Ki INFLOW HYDROGRAPH -BRADY LAKE SUBAREA
34 h 1 1 7,53 14,74
35 P 22.1 107 120 128 140

* 36 T 1 05
37 W 4,62 .45
30 X -1,5 -.05 2S1395 1 1

40 KI RESERVOIR RMTING - THRU BRADY LAKE
I41 Y I

42 Y1 I 171.' -1
43 Y4 1716 1717 1717,3 1717,7 1717,9 1718,3 17!9 1720 1721 1724
44 Y5 0 127 196 337 431 652 12i7 2736 4842 8224
45 $S 0 78 300 830 1213 2553 4741M
41, $E 1699 1704 1709 1714 1716 1720 1/2447 SS 1716
48 0[1717.7@
49 $8 50 1 1704 ,25 1716 1718,2 z

1 51 Ki ROUTING TIIRU REACH 5 - 6
52 Y 1
53 Y1 1
54 Y6 ,1 .08 1 1701 1740 2500 .043
55 Y7 0 1740 10 1740 700 1720 910 1701 970 1701
56 Y7 2820 1720 3900 1740 3910 1740
57 K 1 7 i
58 Ki ROUTING THRU REACH 6 - 7
59 YI
60 Y1 I



:l ROUIING THRU k 6 - 7

60 Y1 1
61 Y6 11 .1 .1 1684 1720 2950 .005862 Y7 0 1720 10 1720 260 1700 1670 1684 1680 168463 Y7 2275 1700 3690 1720 3700 1720
64 K 1 8 165 KI ROUTING THRU REACH 7 - 866 y I
67 YI I68 Y6 1 .09 1 1663 1700 4650 .004569 Y7 0 1700 10 1700 300 1680 480 1663 490 166370 Y7 630 1680 1820 1700 1830 170071 & 9 1* 72 K1 INFLOU HYDROGRAPH - flORTH ARROWH,4A LAE SUBAREA
73 H 1 1 89 14,7474 P 22.1 107 120 128 140
75 T1 .05 176 W 2.24 .45
77 X -1.5 -.05 2
78 K 1 10
7? hiI
79 kt RESERVOIR ROOTING - THRU NORTH ARROWHEAD LAKE

80 Y

82 Y41668.2 1669 1670 1671 16717 1672.5 1673 1674
83 YS 0 167 562- 1091 1524 2119 2620 3980

85 $E1653,2 1668.2 168086 $$1668,2 
-

87 01671,7

89 KI INFLOW HYDROGRAPH - ARROWHEAD LAKE SUBAREA
90 H 1 I 5.9 14.74
91 P 22.1 107 120 128 14092 T 

I .0593 V 4.43 45

94 x -125 -.0595 h 4 12
v1 96 

1i CO 63INE 16Y5RGR5PHS AT ARROWHEAD LAE97 1 13I

98 hi RESERVOIR ROUING -TtRU ARROOHEAO LAKE99 y
tO0 yl I 1077 -11 101 Y4 1652 1652.5 1653 1653.5 1654 1655 1656 1656.9 1657,5 1658102 Y416585 1659 1659,5 1660 1660.5 1661 1662

103 Y5 154 435 799 1230 2261 3480 4713 5602 6411

Eki
104 Y5 7276 198 9261 1046 1157 13377 6889
105 M 0 2176 364.6 6492
106 $E1637,2 1652 1660 1680
107 1s 1652
108 $01656.9

109 K 99 IPREVIEW OF SEOUENCE OF SIREAM NETWORK CALCULATIONS

RUNIOFF HYDROGRAPH AT
ROUTE HYDROGRAPH TO 2
ROUTE HYDROGRAPH TO 3
RUNOFF HYDROGRAPH AT 4
ROUTE HYDROGRAPH TO 5
ROUTE HYDROGRAPH TO 6 -

ROII1T HYDROG4H TO 7
RfliIE l~liFROGRAfil 111 8i

j -~ i



10 99
0 109PREVIEU OF SEQUENCE OF STREAM NETUORK CALCULATIONS

)RUNOFF HYDROGRAPH AT I
ROUTE HYDROGRAPH TO 2

RUNOFF HYDROGRAPH AT 4

ROUTE HYDROGRAPH TO 5
ROUTE HYDROGRAPH TO 6ROTHYRGAHT
ROUTE HYDROGRAPH TO 7

RUNOFF HYDROGRAPH AT 9
ROUTE HYDROGRAPH TO 10
RUNOFF HYDROGRAPH AT 11
COHDINE 4 HYDROGRAPHS AT 12

- 'ROUTE HYDROGRAPH TO 13
END OF NETVORK

- FLOOD HYDROGRAPH PACKAGE (NEC-i)

DAM SAFETY VERSION JULY 1978

LAST MODIFICATION 26 FEB 79

RUN DATE* 80/05/27,
I TIME$ 10.43.02.

i tARROWHEAD LME DAM *#1* TROUT CREEK

TOBYHAHNA TVP,, MONROE COUNTY, F A,
NDI # PA-00780 PA ['ER f 45-207

JOB SPECIFICATION
flu NUR HM114 IDAY IHR IMIN IIETRC IPLT IPRT NSTAN

300 0 15 0 0 0 0 0 -4 0

IJOPER NWT LROPT TRACE
5 0 0 0

MULTI-PLAN ANALYSES TO BE PERFORMED
HPLAN= I NRTIO= 9 LRTUO: I

RTIOS= 1.00 .85 .70 .60 .50 40 .30 .20 #10

SUP-AREA RUNOFF COMPUTATION

INLV YRORP LCSTLK SUBAREA

*ISTAO ICOMP IECON ITAPE JPLT JPRT INAME ISTAGE IAUTO

I1 0 0 0 0 0 1 0 0

HYDROGRAPH DATA

qIHYDG IUHG TAREA SNAP IRSDA TRSPC RATIO ISHOW ISAME LOCAL HIM

11 1 .42 0,00 14,74 0.00 0.000 0 0 0

PRECIP DATAISPFE FIMS R6 R12 R24 R40 R72 R96 v



:3

ii
PEAK FLOW AND STORAGE (END OF PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONSI FLOWS IN CUBIC FEET PER SECOND (CUBIC HETERS PER SECGOD)

AREA IN SQUARE MILES (SQUARE KILOMETERS)

-i RATIOS APPLIED TO FLOWS
OPERATION STATION AREA PLAN RATIO 1 RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 RATIO 8 RAIO 9

1.00 .85 .70 .60 .50 ,40 .30 .20 .10

HYDROGRAPH AT 1 .42 1 982. 834. 687, 589. 491. 393, 294, 196. 98.
( 1.09) C 27.80)( 23.63)( 19446)( 16,68)( 13,90)( 11.12)( 8.34)( 5.56)( 2.78)

ROUTED TO 2 .42 1 976. 830. 683, 586. 488. 378. 246. 95, 54,
1.09) ( 27,63)( 23.49)( 19.34)( 16,58)( 13.81)( 10.72)( 6.98)( 2.68)( 1°52

ROUTED TO 3 .42 1 977, 829. 678. 592. 510. 399. 259, 95. 54,
1.09) ( 27.67)( 23.46)( 19,21)( 16.76)( 14.43)( 11,30)( 7.35)( 2.68)( 1,597

HYDROGRAPH AT 4 7.53 1 8511. 7234. 5959, 5107, 4256, 3404. 2553, 1702. 851.
19.50) 4 241.01)H 204,86)( 168.71)( 144.60)( 120,50)( 96.40)( 72.30)( 48.20)( 24.10)

ROUTED TO 5 7.53 1 10720, 10695. 10580. 10611. 1u813. 10534, 10613, 10381. 291,
( 19.50) ( 303,55)( 302.85)( 299,58)( 300,48)( 306.18)( 298,29)( 300.52)( 293.97)( 8.23)

|m

ROUTED TO 6 7.53 1 9603, 9602. 9502. 9527, 9685. 9401, 9390. 9094. 290.
19.50) 4 271.93)( 271.91)( 269.08)( 269.78)( 274.25)( 266,20)( 265.90)( 257.52)( 8.21 1

ROUTED TO 7 7.53 1 9032. 9040. 8944 8957. 9074. 8788. 8718. 8383. 290,
19.50) ( 255.77)( 255498)( 253,27)( 253,64)( 256.95)( 248.85)( 246.86)( 237.39)( 8,21)

ROUTED TO 8 7.53 1 8747. 8753, 8652. 8662. 8778. 8484. 8412, C067. 289,
19,.50) ( 247.75)( 247,87)( 244.98)( 245.27)( 248.58)( 240.24)( 238.21)( 228.42)( 8,18)

HYDRGGRAPH AT 9 ,89 1 1630, 1386, 1141, 978. 815, 652. 489, 326. 163.
2.31) ( 46.16)( 39.24)( 32.31)( 27,70)( 23.08)( 18.47)( 13.85)( 9.23)( 4.61 -

ROUTED TO 10 .89 1 1310, 1088. 884, 745, 599, 467. 339, 206. 96,
2,31) ( 37.09)( 30,81)H 25.02)( 21.08)( 16-961( 13.22)( 9.61)( 5.84)( 2.72)

HYDROGRAPH AT 11 5,90 1 6871, 5841, 4010. 4123. 3436, 2749. 2061. 1374. 687. -
15.28) ( 194.58)( 165,39)( 136.20)( 116.75)( 97.29)( 77.83)( 58.37)( 38.92)( 19.46'

4 COMBINED 12 14,74 1 16602. 15353, 14361. 13752. 13079. 11876, 10699. 9243. 893.
38,18) 4 470.12)( 434.76)( 406,66)( 389,41)( 370.35)( 336.29)( 302.95)( 261.72)( 25.271

ROUTED TO 13 14.74 1 15340. 13527. 11584, 10364. 9198. 7859, 6653. 5292. 668,
38.18) ( 434.39)( 383.03)( 328,03)( 293.47)( 260.46)( 222.54)( 188.39)( 149.85)( 18,90,

',iMIARY OF LIAM SAFETY ANALYSIS

PLAN I .. ,° ...... INITIAL VALUE SPILLWAY CREST TOP OF DAN
ELEVATION 1711,99 1712,00 1715.00
STORAGE 61. 120,

n I aL 00



SUMMARY OF DAN SAFETY ANALYSIS

PLAN 'I IoN.......o, INITIAL VALUE SPILLWAY CREST TOP OF DAN
ELEVATION 1711,99 1712.00 1715.00
STORAGE 61, 61, 120.
OUTFLOW 0. 0. 99.

RATIO MAXIMUM MAXIUH MAXIMUM MAXIMUM DURATION TIME OF TIME OF
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

PMF U.S,ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

1,00 1715,46 .46 130, 976. 9.25 41.25 0.00
.85 1715,38 .38 128. 830. 8.50 4!,25 0.00
,70 1715.30 .30 127, 683. 7.50 41,25 0.00
.60 1715,25 .25 126. 586. 6.50 41.25 0.00.50 1715,20 ,20 124, 488, 5.75 41.25 0600

.40 1715.15 415 123, 378. 4.75 ;1,50 0.00i .30 1715.08 08 122, 246. 3.00 42.50 0400.20 1714.29 0.00 106. 95. 0.00 44.00 0.00

.10 1713,21 0.00 84. 54. 0.00 43.75 0400

PLAN I STATION 3

i AXIMUM MAXIMUM TIME

RATIO FLOUCFS STAGE,FT HOURS

1.00 977. 1678.0 41,25
.85 82?. 1677.6 41.25
.70 678. 1677.1 41.50
.60 592, 1676,8 41.25
.50 510, 1676.5 41.25
,40 39?. 1676.1 41.75
.30 259. 1675.6 42,75
o20 95, 1674.1 44,00

.10 54. 1673.6 43.75
. 1 SUMMARY OF DAM SAFETY ANALYSIS

PLAN 1 .............. INITIAL VALUE SPILLWAY CREST TOP OF DAM
| ELEVATION 1716.00 1716.00 1717,70

STORAGE 1213. 1213. 1782.
OUTFLOW 0. O. 337,

+t RATIO MAXIMUM MAXIMUM MAXIMUM MAXIMUM DURATION TIME OF TIME OF
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

PHF W.S,ELEV OVER DAM AC-FT CFS HOURS HOURS HOURS

1.00 1718,34 .64 1998, 10720. 2,00 40.25 40.00
.85 1718,32 .62 1991. 10695, 1.75 40,75 40.50
.70 1718.25 .55 1967, 10580. 1.50 41,25 41,00.60 1718.27 .57 1973, 10611, 1.50 41.75 41.50,50 1718.39 .69 2013. 10813. 1,75 42.50 42.25

.40 1718.24 .54 1962. 10534. 1.49 43.00 42,75

.30 1718.31 .61 1985. 10613, 1.74 44.25 44.00

.20 1718.22 .52 1956, 10381, 2,40 46.50 46.25
,10 1717.57 0.00 1738, 291. 0.00 53.25 0.00

I _ _ _ _ _ _ _ _ _'

! - - ~ - - - . ---



_1
PLAN I STATION 6

MAXIMUM MAXIHUM TIHE
RATIO FLOUiCFS STAGErFT HOURS

1.00 9603. 1708.0 40.75
.85 9602, 1708.0 41.25
.70 9502. 1708.0 41.75
.60 9527. 1708.0 42.25
.50 9685. 1708.1 43.00
.40 7401. 1708.0 43,50
430 9390. 1708.0 44.75
.20 9094, 1707.9 47.00
.10 290, 1702.2 53.75

PLAN 1 STATION 7

MAXIMUM MAXIMUM TIME
RATIO FLOrCFS STAGEiFT HOURS

1.00 9032. 1691.2 41.25
.85 9040. 1691.2 41.75
.70 8944. 1691.1 42.25

.60 8957, 1691.1 42.75

.50 9074. 1691.2 43.50
.40 8788, 1691.1 44.00
.30 8718, 1691.1 4.25
.20 8383. 1690.9 47.50
.10 290. 168K.9 54.25

PLAN I STATION 8

MAXIMUM MAXIMUM TIME
RATIO FLf'viCFS STAGEIFT HOURS

1.00 8749, 1677.3 41,50
.85 8753. 1677.3 42.00
.70 8652. 1677.2 42.50
.60 8662. 1677.2 43.00
.50 8778. 1677.3 43.75
.40 8484. 1677.1 44.25
.30 8412. 1677.1 45.50
.20 8067. 1676.9 47.75
.10 289. 1666.5 55.00

SUMMARY OF DAN SAFETY ANALYSIS

PLAN I ,. ... INITIAL VALUE SPILLWAY CREST TOP OF DAN
ELEVATION 1669.20 1668.20 1671.70
STORAGE 413, 413. 709.
OUTFLOW 0. 0. 1524.

RATIO IIAXIMUM MAXIMUM MAXINU MAXIMUM DURATION TIME OF TIME OF
OF RESERVOIR DEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

FiF U.S.ELEV OVER DAN AC-FT CFS HOURS HOURS HOURS

1.00 1671.35 0.00 679. 1310. 0.00 43.75 0,00
,85 1670.99 0,00 648. 1088. 0.00 43.75 0,00

A -1A



... ....l 1677.3 41.50
.85 8753, 1677.3 42.00 -

.70 8652, 1677,2 42.50
.60 866.2, 1677,2 43,00
.50 8778, 1677.3 43.75
.40 8484. 1677.1 44.25
.30 8412, 1677,1 45.50
s20 8067, 1676.9 47.75
410 289, 1666,5 55.00

§ 1 SUMMARY OF DAN SAFETY ANALYSIS

PLAN 1 I,...,., INITIAL VALUE SPILL AY CREST TOP OF DAM

ELEVATION 1669820 1668,20 1671.70
STORA6E 413. 413, 709.
OUTFLOW 0. 0. 1524.

RATIO MAXIMU N MAXIMUM MAXIhbM MAXIMUM DURATI!if TINE OF TINE OF
OF RESERVOIR PEPTH STORAGE OUTFLOW OVER TOP MAX OUTFLOW FAILURE

PMF W.SELEV OVER 'AN Ac-FT CFS HOURS HOURS HOURS

1.00 1671.35 0.00 679, 1310. 0.00 43.75 0,00
,95 1670.99 0.00 648, 1088. 0.00 43,75 0.00
.70 1670,61 0,00 615, 884. 0,00 44.00 0.00
.80 1670.35 0.00 593, 745. 0#00 44.00 0.00
.50 1670.07 0,00 569, 599, 0.00 44.00 0.00
.40 1669.76 0.00 543, 467. 0.00 44.25 0.00

1 .30 1669.44 0.00 516. 339. 0,00 44,25 0.00
.20 1669.10 0.00 48, 206. 0.00 44.75 0.00
#10 1658.66 0.00 451, 96. 0.00 45.00 0.00

I SJHNARY OF DAN SAFETY ANALYSIS

PLAN 1I,...... INITIAL VALUE SPILLWAY CREST TOP OF DAN
ELEVATION 1652#01 1652.00 1656.90
STORAGE 1076. 1073. 2344,

4OUTFLOW 4. 0. 4713.

RATIO AXIMUI MAXIMUM MAXIMUM NAXIMUM DURATION TIME OF TINE OF
or RESERVOIR DEPTH STORA4E OUTFLOW OVER TOP HMAX OUTFLOW FA!LURE
F[1 V.S,ELEV OVER PAN AC-FT uS HObhS HOURS HOURS

1.00 1661.56 4,66 3961, 15340. 17.25 45.75 0.00
.85 1661.04 4,14 3764. 13527, 15.50 46.00 0.00
.70 1660.40 3,50 3524. 11584, 13.75 46.00 0.00
.60 1659.95 3,05 3359. 10364. 12.00 46.25 0.00
.50 1659.47 2,57 3107. 9198. 10.00 46.0 0.00

.40 1658.82 1,92 2960. 7859. 8.00 4o.75 0.00

.30 1658.14 1,24 2734, 6653. 5,50 47.75 0,00
, 60 657.29 .39 2463, 5,7.. .50 - -- 49.7 .... 0.00 . -

.10 1653.32 0,00 1375. 668. 0.00 49.75 0.00

r DAM SAFETY VLRSION LY !979

LAST MODIFICATION 26 FEB 79

EOI ENCOUNTERED,

1 -



i
71 At ARROWHEAD LAKE 11l 1 it TROUT CREEK U
z 2 A2 TOPYHANNA TWP,, HONROE COUNTY, PA.

3 3 A3 NDI I PA-00780 FA PER 4 45-207
4 p 300 0 15 0 0 0 0 0 -4 0
5 81 5

- 7 it 1 ,85 .7 .6 .5 .4 .3 .2 1

8 K 1
9 hl INFLOW HYDROGRAPH - LOCUST LAKE SUBARE

10 M 1 1 ,42 14.74
S11P 22.1 107 120 128 140

* 12 T 1 .05

13 U 1.42 .45

14 x -1.5 -.05 2
15K 1 21
16 Ki RESERVOIR RCOUTING - TTU LOCUST LAKE

17 y 1
18 Y! 1 6114 -1
19 Y4 1712 1712.5 1713 1713.5 1714 1715 1715.5 1716 1716.5
20 Y5 0 14 40 73 93 99 1057 2805 5068

S 1 A o 18.4 25.3
iE 1702 1712 1720

23 SS 1712
24 11) 1715
25 1 3I

l6 R17TI;G 18.U REACH 2 - 3

28 Y I

Y6 .1 .0? .! 1673 172 II00 .033
1 7 0 1700 1700 100 1690 140 !673 15 167
Y7 170 1680 470 1700 860 1720

2 4
33 INFLO4 HYPROGURAPH - RAY LAKE SUBAREA
34 H 1 1 7.53 14.74

35 P 22.1 107 120 128 140
36 .05
37 U 4.62 .45

i 38 X -1.5 -.05 2
K 1 5

- )0 KI RESERVOIR ROUTING - TH-I BRADY LAKE

_42 Y 1 1213 -1
43 Y4 1716 :7!7 1717.3 1717.7 1717.9 1718.3 1719 1720 1721 1724

44 Y5 0 127 198 337 431 652 1267 2736 4842 8224

: 45 fS 0 78 30 830 1213 2553 4741
J 46 IE 1699 1704 1709 1714 1716 1720 1724

47 SS 1716
49 S01717.7

50 ROUTING TPRU REACH 5 - 6
0 51 Y I

52 V! I
53 Y6 .1 .08 .1 1701 1740 2500 .0043
54 Y7 0 1740 10 1740 70 1720 910 1701 970 1701
55 Y7 2820 1720 3900 1740 3910 1740 .-56 K 1 1 1

57 KI ROUTING THRU REACH 6 - 7
59 Y I
59 Tl I E
60 Ys .1 .1 .1 1694 1720 2950 .0058
61 Y? 0 1720 10 1720 260 1700 1670 1684 1680 1694

A Yw 7, - - --¢----7- -



62 Y7 22c 1700 3690 1720 3700 1720 O463 K 1 9 1
64 hi ROUTING THRU REACH 7 - 8 165 Y 1
66 Yi I I

5 1 67 Y6 .1 .09 .1 1663 1700 4650 .0045
68 Y7 0 1700 10 17Cc 300 1680 480 1663 490 1663
69 Y7 630 1680 1820 1700 1930 1700
70 K 9 1
71 KI INFLOV HYDRO&APH - NORTH ARRoi , ., LAKE SUBAREA
72 8 1 1 .6? 14.74
73 P 22.1 107 120 128 140
74 t 1 .05

• 75 W 2.24 .45
76 X -1.5 -,05 2
77 K 1 10 1
78 KI RESERVOIR ROUTING - THJ NORTH ARROWHEAD LAKE
7? Y I

F0 Ti 1 413 -1
81 Y41668,2 1669 1670 1671 1671.7 1672.5 1673 1674Y82 5 0 167 562 1091 1524 2119 2620 3980
83 SA 0 82.6 96.4
84 SE1653.2 1668.2 1680
85 S$1668.2
86 401671.7S•8? K II 1

8 hl INFLOW HYDROGRAF - ARRIOUAD LAKE SUBAREA
: 1 1 5.9 14.74

7 90- P 22.1 107 120 128 140
91 T 1 .05

U 4.43 .45
93 X -1.5 -.05 2
94 K 4 12 1
53 ,I COMBINT HPWWRAPHS AT ARRO"HEAP LAkE
96 K 1 13 1 iO 7 h RESERVOIR ROUTING - THRI ARROu1A[, LKE
9 8 T I

?9 yI 1 1077
S02 IA 0 217.6 364.6 649.2

I 101 ,E1637.2 1652 1660 16?0
102 $$ 1652 110 3.88 1.5

S03 $[' 1660 2.7 1.5 250
104 K 99

• I PREVIE OF SEMEKIE DF STREAM NETUO)R CALCULATIONS

R!NFF Wir C-RANH ATI
PC-TE YE R t TO
e'DUIE HY[i-OR"H TO 3

PUKO3FF IIYIROGAPH AT
ROUTE PY[EOGEPAPH 10 5
Fil -E W([IRUR 68.R'JITE Hif='JRPH TO 6ROJTE H-FROERA TO to

"4INOF F HIOFOSRAFH AT i9
SPINE 4 mPOAf_qFH AT 12

ROUTE HMP0,-++H TO 13

END OFTORtI .. .+ +
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PEAK FLO AND STOR E (END OF PERIOD SUMMARY FOR Mll* IPLE PLON-RATIO ECOUISMIC COMPUTATIONS
FLOYS IN CUBIC FEET PER SEECO1D (tLUBIC bEIERS PER SECOND)

AREA IN SQUARE MILES (SJARE KILOMETERS)

RATIOS APPLIED TO FIOVWS
OPERATION STATION AREA PLAN RATIO 1 RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO 7 ATI A

1.00 .85 .70 .60 .50 .40 .30 .20

HT ROSRAPH AT 1 .42 1 982. 834. 687. 589. 491. 393. 2?4. '96.
i 1.09) 1 27.80)( 23.63)( 19.46)( 16.68) 13.90)( 11.12)( 8.34)( 5.56)( 2.' -

ROUTED TO 2 .42 1 976. 830. 683. 586. 468. 378. 246, 95.
1.09) C 27.63)( 23.40)( 19.34)( 16.58)( 13.81)( 10.72)( 6.98) 2.68)H 1.52

ROUTED TO 3 .42 1 977, 82?. 678. 592. 51..3.. 75.29.
1.09) 1 27.67)H 23.46)( 19.21)( 16.-6)( 14.43)( 11.30)( 7.35)( 2.68)( 1.5.

HY]ROGRAPH AT 4 .3 1 8il. 7234. 5958. 5107. 425"6. 3404. 2553. i702. s5I1
19.50) ( 241,01)( 204.86)( 168.71)1 144.60)( 120.50)( 96.40)( 72.30)( 48.20)( 24.1 °

R(UED 7.53 1 6078. 5333. 15-6. 3860). 3157. 2js ... .41, 1636. 0-0. 2-I

19.0) 4 172-11)( 151.02)H 129.02)H 409.31)( 89.41)( 68.73)( 46.33)( 24.93)( 8.23

ROUJTED TO 6 11 5330 . 55- 3856. 3155. 43. 163. 88.

7 1 3841. 3149. 2418. 1626. B77.
1171,9)( 151.84)( 1 109.00)1 8;.16)( 68.47)( 46.04)( 24.83)( 8,2 Ai1 . ...3 5323. 4 1. 3843. 3142. 412. 1621. 874.

19.0. 4 171.79)( 19,74)( 12-.47)1 ICB.81)( 86.99)4 -.31)( 45.89)( 24.76)( 81- I
HYDM APH AT 9 .9 1 30. 3 396. 1141. 97s. G15. 4A. 489. 326. IL'

2.! 1 '6.16)1 37.24)( 32.31)( 27.70)( 23.08)( 18.47)( 13.85)1 9.23)H 4. 6
ROUTED TO O I 11. 19. 24. 74i 99 6. 33. 26

1 2.31' 4 311.09)( 30#91)( 25. 02)1 21.08j( 16.96)( 13 "2)1 9.61)t 5.84)( 2..-

* I !iY& I AT 11 ( %?r 1 6871. 5841. 4510. 4123, 3435. 274c. .1 374.
1 15 ~ 1194.5.8)( 165.39)1 136.20H1 116.7T-)1 2) 78) 83) 38.92)4 19.4

4COMBI)' 12 ll 4 1 13133. 11234. 9150, 7709; 6265. 47a3. 318. 182.

( 3R..n) 1 371.8)4 318.11)4 :9.09)1 218.9)1 177.41)( 134.64)i 90.13)( 51.70)( 25R OUTED TO 13 4. 1 11745. SM. 5072. 60. 521). 42. 2894. 1666.

33.18= 1 332.59)1 278.63)1 28.57)( 192.69)f 156-60)( 119.65)( 81#96)( 47.18)(1lB
SlSU~li Y OF D SAFETY ANYSIS

SPLAN I .............. INITIAL VLUE SPILLVAY CREST [I F DAN
" ELEVATION 1711.?? 1712.00 1715.00

SIr-03E 61. 61. 120.
OUTFLOV 0. 0. 9,

... . ._



RATIO Mxum WIMM HAXIMM P.MIltrl- PORATIN THE£ OF TMrE OFOF RESERVOIR f![,Ff STORAGE OUIFLON1 OVER TOP MX OUTFLOV FAILU.-E

PMW I.S.ELEV OVER DANi AC-Ft CFS HOURS HOURS HOIS

1.00 1715.46 .46 130. 976. 9.25 41.25 00 1.85 1715.30 .38 128. 830. 8.50 41.25 0.00.70 1715.30 .30 127. 683. 7.5 41.25 0.00.60 1715.25 25 126. 21. 6.50 41.25 0.00.50 1715.20 .20 124. 48. 5.75 41.25 0,00.49 1715.15 .15 123. 3-9. 4.75 41.50 0.30I 
.30 1715.08 0 122. 246. 3.00 42.50 0.0.20 1714.29 0.00 106. 95. 0.00 44.-.10 1713.21 0.00 84. 54. 0.00 43,- 0 A

PLAN I STATION 3

RATIO FLCYFS STA-EFT W0-S

91.0 77. 1678.0 41.25.65 82. 1677.6 41.25
•?0 678. 1:7d 41.50

.-o J.0. 167.5 41.25)

.40 399. 1676.1 41.75

.30 259. 1675 6 42 75, 2,b95. 1 741.1 44 #0C-)
* .10 54. 1673 ,6 43.75

SW MARY OF [M SAFETY ANALYSIS

A FI.A ............. INIIAL VALUE SILLUAY C'UEST TOP 110MELEI& ION 1716.11 1716.01) 1717.70
1m* 2l13. 1213 -. I-)2

DLUTFLOu 0. 0. 337.

RATIO IMA I o" IAXiii MIP L iftPX1111 hAX If ji KFATIGN T I K OF T I KE Or0 Eg aE~'. aEpT STCXr4e3E OTF1TTLON OVR TOP MX WIIFLCPJ F4!:LPE
1 

ff. hS.E OV MUDAN AC-FT CFS MOM HM HOUR7

1.' 0 11 72?.10 4.40 370 . 1678. 35.25 47 .75 0,.1.g 1721.44 3.14 3339. 5333 33.75 47.5 0.0.70 1720.86 3.16 3026. 456. 32.00 47.5 0.-•60 1720.53 2.93 230. -360. 30.75 47.25 0.SO0.2• 2.0 262. 3157, 29.25 47.25 .'0 .!; !9.79 74H3. 2 ... 27.50 47.75 0.0)
.30 1119.25 155 32 163-4. 25.00 48.50 0.00v

S.0 
1719.56 .O_- A 01. 810. 20.50 50.25 0. '

.10 1717.57 0.00 1738. 291. 0.00 53.25 0.00

-L 

FA I STATION 6

U 
I1~AX~n IM I! ME

RATIO FL ,OM.FS STASEFT HM

1.00 6075. 170,.1 48,00
.330. 176,.5 47.75

4 ,. 4,2. _ I. 47,21



PLAN I SIATION 6

I lIAKflIjf JAXIHUM I MIE
$AI F10EFS STA0E,FT HLUrS

i 1:00 6075. 1706.9 43.C0

at' 552. 1706.5 47.75
. 450 52. 1706.1 41.00

.0 35. 1705.8 47.50
,50 3155. 1705.4 47.50} 40 &4 23. 11105.1 4S.00i

.30 1633, 1704.2 Q: 75

.2 0 879, 1703.5 ri.50

.10 290. 1702.2 53.7511
PLAN I STATION 7i iMfAXli' Ka

M4TID FLuVC5 STAGFT HOURS

1.00 6071. 16903.1 43.25
.. 5327.. 1689.9 49.00

45-14W,' ! 16869.5 4.7

i .5 3147, 16 V.754.

,4A .-1, 1638 -3 49 . -
.30 I 1-6. 16'7,6 42.M

.20 577. 126.7 5.10 290. 1685.9 5.25

PLAN 1 STATION 8

RATIO FL US STA&,fl W- islS

1.00 -)67. 16-.4 48.4-5. 23. 1674.9 49.23

.70 4537. 1674.0 a2. .0
.60 43. 1673.3 4B, 0

.50 3142. 1672.6 43.25
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I GEOLOGIC REPOXI

Bedrock - Dam and Reservoir

I Formation Name: Duncannon Member of the Catskill Formation.

Lithology: Fine to coarse grained grayish red sandstone inter-
bedded with red siltstone and graying red shale. Beds arranged in
fining - upward sequences with some conglomerate at the base of the

cycle.

Structure

The dam is located in the Pocono Plateau area and the beds are
nearly flat lying.

Air photo fracture traces trend: N5°E, N-S, and N85*E.

Overburden

The site is within the limits of Pleistocene glaciation and variable
thicknesses of glacial till and outwash sediments are present in
the area. Plans for the dam indicate that test pits showed three
feet of soil over "hardpan and clay." This last apparently refers

El to till.

Aquifer Characteristics

The rocks of the Catskill Formation are essentially impermeable and

ground water movement is entirely along bedding planes and fractures.I, iThe most permeable aquifers in the area are the sands and gravel of
I the glacial outwash commonly found in the valleys.

Discussion

The plans indicate that a cutoff trench was to be dug four feet
deep - that would be just barely into the clay foundation. Some

* leakage through the overburden, or along the N850E fracture trace

in the bedrock, appears possible.

Sources of Information

I. W.D. Sevon (1975), "Geology of the Tobyhanna and Buck Hill

Falls Jlirangle," Pa. Geological Survey Bulletin A204ab.1 2 Air Photographs, dated 1973. Scale 1:40,000.

3. Plans and reports in file.
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